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v^^m^ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE o 

7o^2c REQUEST FOR FILING NEW UTILITY PATENT APPLICATION UNDER 37 CFR 1 . 53 (b£ 
^^Jm (Case No. P043D2C3C) 

To the Assistant Commission for Patents 
Washington, D.C. 20231 " = 

Sir: 

Transmitted herewith for filing under 35 U.S.C. 111(a) and 37 C.F.R, 
§1.53 (b) is a new utility patent application for: 

Title: INTEGRATED CIRCUIT I/O USING A 
HIGH PERFORMANCE BUS INTERFACE 

Inventors: Michael Farmwald 
Mark Horowitz 



"This application is a CONTINUATION APPLICATION of: 

5 Inventors: Michael Farmwald 
g Mark Horowitz 

f Ser. No.: 09/252,997 Art Unit: 2818 

-\ Filed: February 19, 1999 Examiner: T. Nguyen 

Title: METHOD OF OPERATING A MEMORY 
3 HAVING A VARIABLE DATA OUTPUT 

3 LENGTH AND A PROGRAMMABLE REGISTER 



To effect the above-requested filing today: 

1. Attached is a copy of the prior application as originally 
filed, including: 

[X] Specification, Claims, and Abstract (125 pages) 

[X] Drawings: 1 set of formal drawings having 14 sheets 

[X] Original Declaration and Power of Attorney (2 pages) 



2. Incorporation by Reference: The entire disclosure of the prior 
application, from which a copy of the oath or declaration is 
supplied, is considered as being part of the disclosure of the 
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also revokes all other powers of attorney. Accordingly, 
kindly address all future communications to: 



Neil A. Steinberg, Esq. 

Rambus Inc . 

2465 Latham Street 

Mountain View, California 94040 



Telephone No. 
Facsimile No. 



550-944-7772 
650-428-0914 



The Examiner's attention is directed to both the second 
paragraph of guideline (2) in MPEP 609 and to the last 
paragraph of MPEP 2001.06(b) and to the submission in the prior 
application of the Information Disclosure Statements and 
document copies filed in Application Serial Nos . 09/196,199 and 
09/252,997. 



Attached is a PRELIMINARY AMENDMENT which, among other 
things, cancels claims 1-150, and adds new claims 151-175. 
This Preliminary Amendment is to be entered BEFORE fee 
calculation. 



;i 6 . FILING FEE 

;1 (BASED ON THE NUMBER OF CLAIMS AS FILED AND CHANGED BY PRELIMINARY AMENDMENT) 

3asic Fee $ 690.00 

^^Additional Fees : 

M Surcharge for more than 20 total claims (5 * $18) 5 90.00 

3 Surcharge for more than 3 independent claims (0, * 78) . . $ - 0 - 

Surcharge for multiple dependent claims $ - 0 - 

Total Filing Fee $ 780>00 



7. Manner of Payment: 

[ ] A check payable to the Commissioner of Patents and 

Trademarks, in the amount of ^ is enclosed as 

payment of the Total Filing Fee. 

[XX] Please charge my Deposit Account No. 50-0998 in the 
amount of $780 . 00 to cover the above fees. A duplicate 
copy of this sheet is enclosed. 
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[XX] The Commissioner is hereby authorized to charge any 
fees which may be required, or credit any overpayment 
to Deposit Account No. 50-0998 , A duplicate copy of 
this sheet is enclosed. 



Date: January 27, 2 000 



Respectfully submitted, 




Weinberg 
Reg. No. 34,735 
650-944-7772 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
(Case No. P043D2C3C) 



In the Application of: ) 




FARMWALD ET AL . ) 


Group 
Art Unit: 


Serial No: Continuation of 09/252,997 ) 


Before 


Filed: JANUARY 27, 2000 ) 


Examiner : 


Title: INTEGRATED CIRCUIT I/O USING A ) 
HIGH PERFORMANCE BUb HiiKr At^ii ; 




Assistant Coitiiaissioner for Patents 




PRELIMINARY AMENDMENT 




Dear Sir: 




Prior to the examination of the above-re 


ferenced application, 


kindly amend the application as follows: 





IN THE ABSTRACT : 

Please delete the Abstract of the Disclosure and substitute 
the attached Abstract of the Disclosure. 

IN THE TITLE : 

Please delete the title and substitute —METHOD OF OPERATING 
A MEMORY DEVICE HAVING A VARIABLE DATA INPUT LENGTH — . 

IN THE SPECIFICATION : 

On page 1, line 8, insert --This application is a continuation 
of Application No. 09/252,997 (still pending), which is a 



continuation of Application No. 09/196,199, filed on November 20, 
1998 (still pending), which is a continuation of Application No. 
08/798,520, filed on February 10 , 1997 (now U.S. Patent 5 , 841 , 580 ) ; 
which is a division of Application No. 08/448,657, filed May 24, 
1995 (now U.S. Patent 5,638,334); which is a division of 
Application No. 08/222,646, filed on March 31, 1994 (now U.S. 
Patent 5,513,327); which is a continuation of Application No. 
07/954,945, filed on September 30, 1992 (now U.S. Patent 
5,319,755); which is a continuation of Application No. 07/510,898, 
filed on April 18, 1990 (now abandoned) . -- 

On page 3, line 9, delete "micro-processor" and substitute 
--microprocessor-- . 

On page 6, line 1, delete "4,646,279" and substitute 
—4,646,270--. 

On page 10, line 18, delete "Figure 7 shows" and substitute 
--Figures 7a and 7b show — . 

On page 10, line 21, delete "Figure 8 shows" and substitute -- 
Figures 8a and 8b show — . 

On page 34, line 4, after "devices" insert — do--. 

On page 41, line 1, delete "or' "and substitute — or — . 

On page 45, line 17, delete "Fig. 7" and substitute --Figures 
7a and 7b — . 

On page 47, line 2, delete "Figure 8" and substitute 
--Figure 8a--. 

On page 47, line 5, delete "from left to right" and substitute 
-- from right to left--. 

On page 47, line 8, delete "right" and substitute — left--. 
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on page 47, line 9, delete the first "left" and substitute 
— right-- . 

On page 49, line 22, delete "primay" and substitute 
— primary-- . 

On page 54, line 13, delete "70" and substitute —69—. 

On page 56, line 2, delete "Figurell" and substitute 

--Figure 11--. 

On page 60, line 10, after "147" insert —A, B— . 



IN THE CLAIMS: 

Kindly cancel claims 1-150, without prejudice, 



Kindly add the following claims: 

__ 151. A method of controlling a memory device, wherein the 
2^1 memory device includes a plurality of memory cells, the method of 
3^ controlling the memory device comprises: 

B providing first block size information to the memory device, 

5 wherein the first block size information defines a first amount of 

6 data to be input by the memory device in response to a write 

7 request; and 

8 issuing a first write request to the memory device, wherein in 

9 response to the first write request the memory device inputs the 

10 first amount of data corresponding to the first block size 

11 information. 
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1 152. The method of claim 151 wherein the memory device inputs 

2 the first amount of data synchronously with respect to an external 

3 clock signal. 

1 153. The method of claim 151 further including: 

2 providing second block size information to the memory device, 

3 wherein the second block size information defines a second amount 

4 of data to be input by the memory device in response to a write 

5 request; and 

6 issuing the second write request to the memory device, wherein 

7 in response to the second write request, the memory device inputs 
si the amount of data corresponding to the second block size 

information. 

I 154. The method of claim 151 wherein the first block size 

2. information and the first write request are included in a request 

^ii packet. 

1 155. The method of claim 154 wherein the first block size 

2 information and the first write request are included in the same 

3 request packet. 

1 156. The method of claim 151 further including providing 

2 the amount of data corresponding to the first block size 

3 information to the memory device. 



Page 4 



1 

2 

1 
2 

1 
2 



1 

2:3 

3,3 



1 



157. The method of claim 156 wherein the data is provided to 
the memory device after a delay time transpires. 

158. The method of claim 156 wherein the delay time is 
representative of a number of clock cycles of a clock signal. 

159. The method of claim 151 wherein the first block size 
information is a binary representation of the amount of data to be 



3 input in response to the first write request 



160. The method of claim 151 wherein the first amount of data 
corresponding to the first block size information is input 
synchronously during a plurality of clock cycles of the external 



41 clock signal 



161. A method of operation of a memory device, wherein the 

I memory device includes a plurality of memory cells, the method of 

3'! operation of the memory device comprises: 

I receiving first block size information from a bus controller, 

5 wherein the first block size information defines a first amount of 

6 data to be input by the memory device in response to a write 

7 request; 

8 receiving a first write request from the bus controller; and 

9 inputting the first amount of data corresponding to the first 
10 block size information in response to the first write request. 
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162 . The method of claim 161 wherein the data corresponding to 
the first block size information is sampled synchronously with 
respect to the external clock signal. 

163. The method of claim 161 further including: 
receiving second block size information, wherein the second 

block size information defines a second amount of data to be input 

in response to a second write request; 

receiving a second write request from the bus controller; and 
inputting the amount of data corresponding to the second block 

size information, in response to the second write request. 

164. The method of claim 161 wherein the first block size 
information and the first write request are included in a request 
packet . 

165. The method of claim 164 wherein the first block size 
information and the first write request are included in the same 
request packet. 

166. The method of claim 161 wherein the first block size 
information is a binary representation of the first amount of data 
to be input in response to the first write request. 

167. The method of claim 161 wherein the first amount of data 
corresponding to the first block size information is input 
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synchronously during a plurality of clock cycles of 
clock signal. 



1 168. The method of claim 161 further including generating an 

2 internal clock signal using a delay locked loop and an external 

3 clock signal wherein the first amount of data corresponding to the 

4 first block size information is input synchronously with respect to 

5 the internal clock signal. 

1 169. The method of claim 161 further including generating 

2 first and second internal clock signals using clock generation 
E circuitry and an external clock signal wherein the first amount of 
43 data corresponding to the first block size information is input 
i synchronously with respect to the first and second internal clock 
^ij signals. 

170. The method of claim 169 wherein the first and seconc 

J internal clock signals are generated by a delay lock loop. 

1 171. A method of operation of an integrated circuit, whereir 

2 the integrated circuit includes a memory array having a plurality 

3 of memory cells, the method of operation comprises: 

4 receiving block size information, wherein the block siz« 

5 information defines a first amount of data to be input from a bui 

6 in response to a write request; 

7 receiving a first write request; and 



Page 7 



inputting the first amount of data corresponding to the block 
size information in response to the first write request. 

172. The method of claim 171 further including storing the 
first amount of data corresponding to the block size information in 
the memory array. 

173. The method of claim 171 wherein the block size 
information and the first write request are included in a request 
packet . 

174. The method of claim 171 wherein the first block size 
information is a binary representation of the first amount of data 
to be input in response to the first write request. 

175. The method of claim 171 wherein the first .block size 
information is provided by a controller . -- 



REMARKS 

This Preliminary Amendment seeks to place this application in 
condition for allowance. This application is a continuation of 
Application No. 09/252,997, which is a continuation of Application 
No. 09/196,199. Application Serial Nos . 09 /252 , 997 and 09/196 , 199 
are pending. 
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Applicants request priority to Application Serial No. 
07/510,898, filed April 18, 1990, now abandoned. Applicants 
request such priority through Application No. 09/252,997 (still 
pending), which is a continuation of Application No. 09/196,199, 
filed on November 20, 1998 (still pending) , which is a continuation 
of Application NO. 08/798,520, filed on February 10, 1997 (now U.S. 
Patent 5,841,580); which is a division of Application No. 
08/448,657, filed May 24, 1995 (now U.S. Patent 5,638,334); which 
is a division of Application No. 08/222,646, filed on March 31, 

1994 (now U.S. Patent 5,513,327); which is a continuation of 
Application NO. 07/954,945, filed on September 30, 1992 (now U.S. 

Patent 5,319,755); which is a continuation of Application No. 

07/510,898, filed on April 18, 1990 (now abandoned) . 

Accordingly, Applicants claim the benefit of the filing date 

of Application Serial No. 07/510,898 -- i.e., April 18, 1990. The 

specification has been amended to identify the continuation or 

related U.S. application data identified above. No new matter has 

been added. 

in this continuation application. Applicants present new 
claims which set forth novel and unobvious features of Applicants' 
invention. Applicants submit new claims 151-175 to more fully 
protect the instant invention. No new matter has been added. 

The newly submitted claims are believed to be fully supported 
by the specification - see, for example. Figures 2 and 10-13; page 
14, line 3 to page 15, line 2; page 15, lines 18 to page 16, line 
7; page 20, line 20 to page 21, line 20; page 23, line 6 to page 
24, line 2; page 27, line 23 to page 28, line 20; page 46, line 19 
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to page 48, line 17; page 53, line 23 to page 59, line 2; page 71, 
line 23 to page 72, line 21, page 73, lines 20 to page 74, line 31; 
and page 115, lines 10-22. 

Applicants have also amended the specification to correct 
obvious spelling, typographical and grammatical errors. No new 

matter has been added. 

in addition, a new Abstract of the Disclosure is attached 

hereto. No new matter has been added. 

Finally, accompanying this Preliminary Amendment is a Request 
to Approve Drawing Changes. In that Request, Applicants seek to 
amend Figure 10 to more fully reflect the discussion in the 
specification, in particular, page 55, lines 12-16 and page 58, 
lines 13-23. The proposed changes are indicated in red. No new 
matter has been added. Applicants respectfully request that the 
Examiner approve the proposed changes to Figure 10. A new Figure 
10 which incorporates the changes is also attached to the Request. 

CONCLUSION 

Applicants request entry of the foregoing amendment prior to 
examination of this application. Applicants submit that all of the 
laims present patentable subject matter. Accordingly, Applicants 
spectfully request allowance of all of the claims. 



c 

re 



Resect fully ^submit ted 



Date: January 27, 2000 _ „^ t i„ 

Neil A. Steinberg 

Reg. No. 34i735 

301-229-7706 
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ABSTRACT OF THE DISCLOSURE 

A method of controlling a memory device, wherein the memory 
device includes a plurality of memory cells. The method includes 
providing first block size information to the memory device, 
wherein the first block size information defines a first amount of 
data to be input by the memory device in response to a write 
request. The method further includes issuing a write request to 
the memory device, wherein in response to the write request the 
memory device inputs the first amount of data corresponding to the 
first block size information. 
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UNITED STATES PATENT APPLICATION FOR 

INTEGRATED CIRCUIT I/O USING A HIGH 
PERFORMAKinP PI tct iMTFRFArP 

Inventor: 
Michael Farmwald 
Mark Horovwtz 



Prepared by: 

BROWN & BAIN 
600 Hansen Way 
Suite 100 
Palo Alto, California 94306 




(415) 856-9411 



•"o Troclmarkt. WeiMngion. O.C 20231. 
»». April 18, 1990 



OS^ of I>>po:lit 



Our Refi RanBus D-1 

Integrat ed Clrenlt I/O Tlttlng m 

An integrated circuit bus interface for computer and 
video systems is described ^diich allows high speed transfer of 
blocks of data, particularly to and from memory devices, with 
reduced power consumption and increased system reliability. A 
new method of physically implementing the bus architecture is 
also described. 

BACKSROT7 ND OP «mg INTEOTT^ I ^ 

Semiconductor computer memories have traditionally been 
designed and structured to use one memory device for each bit, or 
Bi^ll group of bits, of any individual computer word, where the 
vord size is governed by the choice of computer. Typical word 
sizes range from 4 to 64 bits. Each memory device typically is 
connected in parallel to a series of address lines and connected 
to one of a series of data lines. When the computer seeks to 
read from or write to a specific memory location, an address is 
put on the address lines and some or all of the memory devices 
are activated using a separate device select line for each needed 
device. One or more devices may be connected to each data line 
but typically only a small number of data lines are connected to 
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a single memory device. Thus data line 0 1. connected to 
devlceC) 0. data line I la connected to devlce(.) l, and .o on. 
Data is thus accessed or provided In parallel for each memory 
read or write operation. For the system to operate properly, 
every single memory bit In every memory device must operate 
dependably and correctly. 

To understand the concept of the present Invention, It 
is helpful to review the architecture of conventional memory 
devices, internal to nearly all types of memory devices 
(including the most widely used Dynamic Random Access Kemory 
(DRAM), Static RAM (SRAM) and Read Only Memory (ROM) devices), a 
large number of bits are accessed In parallel each time the 
•ystem carries out a memory access cycle. However, only a small 
percentage of accessed bits which are available internally each 
ti^ the memory device is cycled ever make it across the device 
boundary to the external world. 

Referring to Pig. i, all modem DRAM, SRAM and ROM 
designs have Internal architectures with row (word) lines 5 and 
column (bit) lines 6 to allow the memory cells to tile a two 
dimensional area 1. One bit of data is stored at the 
intersection of each word and bit line. When a particular word 
line is enabled, all of the corresponding data bits are 
transferred onto the bit lines. Some prior art DRAMs take 
advantage of this organisation to reduce the number of pins 
needed to transmit the address. The address of a given memory 
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^ split Into two addresses, row and column, •aeh of which 
can be multiplexed over a bus only half as wide as the siemory 
cell address of the prior art wuld have required. 

5 COMPARISON lilTH PRIOR ART 

Prior art nemory systems have attempted to solve the 
problem of high speed access to memory with limited success. 
U.S. Patent No. 3,821,715 (Hoff et. al.), was issued to Intel 
Corporation for the earliest 4-bit micro-processor. That patent 
Oq describes a bus connecting a single central processing unit (CPU) 
:-i with multiple RAMs and ROMs. That bus multiplexes addresses and 
;J data over a 4-bit wide bus and uses point-to-point control 
j;J signals to select particular RAMs or ROMs. The access time is 
fixed and only a single processing element is permitted. There 
5 i is no block-mode type of operation, and most important, not all 
'■4 of the interface signals between the devices are bused (the ROM 
u and RAM control lines and the RAM select lines are point-to- 
point). 

In U.S. Patent No. 4,315,308 (Jackson), a bus 
) connecting a single CPU to a bus interface unit is described. 
The invention uses multiplexed address, data, and control 
information over a single 16-bit wide bus. Block-mode operations 
are defined, with the length of the block sent as part of the 
control sequence. In addition, variable access-time operations 
> using a "stretch- cycle signal are provided. There are no 
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miltlple processing elements and no capability for «alUple 
outstanding requests, and again, not all of the Interface signals 
are bused. 

In U.S. Patent No. 4,449,207 (Kung, et. al.), a DRAM is 
described which multiplexes address and data on an internal bus. 
The external interface to this DRAM is conventional, with 
separate control, address and data connections. 

In U.S. Patent Nos. 4,764,846 and 4,706,166 (Go), a 3-D 
package arrangement of stacked die with connections along a 
single edge Is described. Such packages are difficult to use 
because of the point-to-point wiring required to Interconnect 
conventional memory devices with processing elements. Both 
patents describe complex schemes for solving these problems. No 
attempt is made to solve the problem by changing the Interface. 

In U.S. Patent No. 3,969,706 (Proebsting, et. al.), the 
current state-of-the-art DRAM interface is described. The 
address is two-way multiplexed, and there are separate pins for 
data and control (RAS, CAS, WE, CS).^ The number of pins grows 
with the sire of the DRAM, and many of the connections must be 
made point-to-point in a memory system using such DRAMs. 

There are many backplane buses described in the prior 
art, but not in the combination described or having the features 
of this invention. Many backplane buses multiplex addresses and 
data on a single bus (e.g., the ND bus). ELXSI and others have 
implemented split-transaction buses (U.S. Patent No. 4,595,923 
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•ad 4,481,625 (Roberts)). ELXSI has also implemented a 
relatively low-voltage-swing current-mode ECL driver 
(approximately 1 V ewing). Addreas-epace registers are 
implemented on most backplane buses, as is some form of block 
mode operation. 

Nearly all modem backplane buses implement some type 
of arbitration scheme, but the arbitration scheme used in this 
invention differs from each of these. U.S. Patent Nos. 4,837,682 
(Culler), 4,818,985 (Ikeda), 4,779,089. (Theus) and 4,745,548 
(Blahut) describe prior art schemes. All involve either log N 
extra signals, (Theus, Blahut), vhere K is the number of 
potential bus requestors, or additional delay to get control of 
the bus (Ikeda, Culler) . None of the buses described in patents 
or other literature use only bused connections. All contain some 
point-to-point connections on the backplane. None of the other 
aspects of this Invention such as power reduction by fetching 
each data block from a single device or compact and low-cost 3-D 
packaging even apply to backplane buses. 

The clocking scheme used in this invention has not been 
used before and in fact would be difficult to implement in 
backplane buses due to the signal degradation caused by connector 
•tubs. U.S. Patent No. 4,247,817 (Heller) describes a clocking 
scheme using two clock lines, but relies on ramp-shaped clock 
•ignals in contrast to the normal rise-time signals used in the 
present Invention. 
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In U.S. Patent No. 4,646,279 (Voss), a video RAH Is 
described which implements a parallel-load, serial-out shift 
register on the output of a DRAM. This generally allows greatly 
is^roved bandwidth (and has been extended to 2, 4 and greater 
5 width shift-out paths.) The rest of the interfaces to the DRAM 
(RAS, CAS, multiplexed address, etc.) remain the same as for 
conventional DRAMS. 

One object of the present invention is to use a new bus 
interface built into semiconductor devices to support high-speed 
10 v3 access to large blocks of data from a single memory device by an 
external user of the data, such as a microprocessor, in an 
efficient and cost-effective manner. 

Another object of this invention is to provide t~ 
clocking scheme to permit high speed clock signals to be sent 
15);^ along the bus with minimal clock skew between devices. 

Another object of this invention is to allow aiapping 
out defective memoary devices or portions of memory devices. 

Another object of this invention is to provide a method 
for distinguishing otherwise identical devices by assigning a 
20 unique identifier to each device. 

Yet another object of this invention is to provide a 
method for tremsf erring address, data and control information 
over a relatively narrow bus and to provide a method of bus 
arbitration when multiple devices seek to use the bus 
25 simultaneously. 
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Another object of this Invention is to provide a method 
of diitributifig a high-speed memory cache within the DRAM chips 
of a memory system which is much more effective than previous 
cache methods. 

5 Another object of this invention is to provide devices, 

especially DRAMs, suitable for use with the bus architecture of 
the invention. 

STIMMARY Qg IHVENTION 

10 -3 The present invention includes a memory subsystem 

3 comprising at least two semiconductor devices, including at least 
Q one memory device, connected in parallel to a bus, where the bus 
i U includes a plurality of bus lines for carrying substantially all 
address, data and control information needed by said memory 
15 I J devices, where the control information includes device-select 
i i information and the bus has substantially fewer bus lines than 
the number of bits in a single address, and the bus carries 
device-select information without the need for separate device- 
select lines connected directly to individual devices. 
20 Referring to Fig. 2, a standard DRAM 13, 14, ROM (or 

SRAM) 12, microprocessor CPU 11, I/O device, disk controller or 
other special purpose device such as a high speed switch is 
modified to use a wholly bus-based interface rather than the 
prior art combination of point-to-point and bus -based wiring used 
25 with conventional versions of these devices. The new bus 
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IncludeB clock signals, power and multiplexed address, data and 
control signals. In a preferred inpleoentation, 8 bus data lines 
and an AddressValid bus line carry address, data and control 
Infomation for memory addresses up to 40 bits %d.de. Persons 
skilled in the art will recognise that 16 bus data lines or other 
numbers of bus data lines can be used to implement the teaching 
of this invention. The new bus is used to connect elements such 
as memory, peripheral, switch and processing units. 

In the system of this invention, DRAMs and other 
devices receive address and control information over the bus and 
:3 transmit or receive requested data over the same bus. Each 

memory device contains only a single bus interface with no other 
signal pins. Other devices that may be included in the system 
1;^ can connect to the bus and other non-bus lines, such as 
ISji^j input/output lines. The bus supports large data block transfers 
and split transactions to allow a user to achieve high bus 
utilization. This ability to rapidly read or *?rite a large block 
of data to one single device at a time is an important advantage 
of this invention. 

DRAMs that connect to this bus differ from 
conventional DUMie in a number of ways. Registers are provided 
^ch may store control information, device identification, 
device-type and other information appropriate for the chip such 
as the address range for each independent portion of the device. 
25 New bus interface circuits must be added and the internals of 
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prior art DRAM devices need to be modified 80 they can provide 
and accept data to and from the bus at the peaJc data rate of , the 
bus* This requires changes to the colunin access circuitry in the 
DRAM, with only a minimal increase in die size. A circuit is 
5 provided to generate a low skew internal device clock for devices 
on the bus, and other circuits provide for demultiplexing input 
and multiplexing output signals. 

High bus bandwidth is achieved by rtinning the bus at a 
very high clock rate (hundreds of MHz), This high clock rate is 

10 3 made possible by the constrained environment of the bus. The bus 
lines are controlled-impedance, doubly-terminated lines. For a 
data rate of 500 MHz, the maximum bus psropagation time is less 
than 1 ns (the physical bus length is about 10 cm). In addition, 
because of the pacJcaging used, the pitch of the pins can be very 

15 I M close to the pitch of the pads. The loading on the bus resulting 
from the individual devices is very small. In a preferred 
implementation, this generally allows stub capacitances of 1-2 pF 
and inductances of 0.5 - 2 nH. Each device 15, 16, 17, shown in 
Figure 3, only has pins on one side and these pins connect 

20 directly to the bus 18. A transceiver device 19 can be included 
to interface multiple units to a higher order bus through 
pins 20. 

A primary result of the architecture of this invention 
is to increase the bandwidth of DRAM access. The invention also 

High Performance Bus Interface -9- 



reduces nanufacturing and production costs, power consumption, 
and increases packing density and system reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figure 1 is a diagram which illustrates the basic 2-^0 

organization of memory devices. 

Figure 2 is a schematic block diagram which illustrates 
the parallel connection of all bus lines and the serial Reset 
line to each device in the system. 
10 Figure 3 is a perspective view of a system of the 

invention \rfiich illustrates the 3-D packaging of semiconductor 
devices on the primary bus. 

Figure 4 shows the format of a request packet. 

Figure 5 shows the format of a retry response from a 

15 slave. 

Figure 6 shows the bus cycles after a request packet 
collision occurs on the bus and how arbitration is handled. 

Figure 7 shows the timing whereby signals from two 
devices can overlap temporarily and drive the bus at the same 
20 time. 

Figure 8 shows the connection and timing between bus 
clocks and devices on the bus. 

Figiire 9 is a perspective view showing how transceivers 
can be used to connect a number of bus tinits to a transceiver 
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bus. Figure 10 Is a block and schematic diagram o£ 

Input/output, circuitry used to connect devices to the bus* 

Figure 11 Is a schematic diagram of a clocked sense- 
amplifier used as a bus Input receiver. 

Figure 12 Is a block diagram showing how the Internal 
device clock Is generated from two bus clock signals using a set 
of adjustable delay lines. 

Figure 13 Is a timing diagram showing the relationship 
of signals In the block diagram of Figure 12. 

Figure 14 Is timing diagram of a preferred means of 
Implementing the reset procedxire of this Invention. 

Figure 15 Is a diagram Illustrating the general 
organization of a 4 Kbit DRAM divided Into 8 subarrays. 

DETAILED DESCRIPTION 

The present Invention Is designed to provide a high 
speed, multiplexed bus for coxmnunlcatlon between processing 
devices and memory devices and to provide devices adapted for use 
In the bus system. The Invention can also be used to connect 
processing devices and other devices, such as I/O interfaces or 
disk controllers, with or without memory devices on the bus. The 
bus consists of a relatively small number of lines coxmected in 
parallel to each device on the bus. The bus carries 
substantially all address, data and control information needed by 
devices for communication with other devices on the bus. In many 
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systems using the present invention, the bus carries alinoBt every 
signal bet%»een every device in the entire system. Shere Is no 
need for separate device-select lines since device-select 
information for each device on the bus is carried over the bus. 
5 There is no need for separate address and data lines because 
address and data information can be sent over the same lines, 
using the organization described herein, very large addresses (40 
bits in the preferred Implementation) and large data blocks (1024 
bytes) can be sent over a small number of bus lines (8 plus one 
10 :3 control line in the preferred Implementation). 

Virtually all of the signals needed by a computer" 
^ system can be sent over -the bus. Persons skilled in the art 
I recognize that certain devices, such as CPUs, may be connected to 
Z other signal lines and possibly to independent buses, for example 
15 U a bus to an independent cache memory, in addition to the bus of 
=5 this invention. Certain devices, for example cross-point 
1 switches, could be connected to multiple, independent buses of 
this invention. In the preferred implementation, memory devices 
are provided that have no connections other than the bus 
20 connections described herein and CPUs are provided that use the 
bus of this invention as the principal, if not exclusive, 
connection to memory and to other devices on the bus. 

All modem DRAM, SRAM and ROM designs have internal 
architectures with row (word) and column (bit) lines to - 
25 efficiently tile a 2-D area. Referring to Pig. 1, one bit of 
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data is stored at the intersection o£ each word line 5 and bit 
line 6» When a particular word line is enabled, all of the 
corresponding data bits are transferred onto the bit lines. Ihis 
data, about 4000 bits at a tisie in a 4 MBit DRAM, is then loaded 
5 into colunn sense amplifiers 3 and held for use by the I/O 
circuits. 

In the invention presented here, the data from the 
sense amplifiers is enabled 32 bits at a time onto an internal 
device bus running at approximately 125 MHz. This internal 

10 ''i device bus moves the data to the periphery of the devices %«here 
the data is multiplexed into an 8-bit wide external bus 
^= interface, running at approximately 500 MHz. 

The bus architecture of this Invention connects master 
or bus controller devices, such as CPUs, Direct Memory Access 

1514 devices (DMAs) or Floating Point Units (FPUs), and slave devices, 
such as DRAM, SRAM or ROM memory devices. A slave device 
responds to control signals; a master sends control signals. 
Persons skilled in the art realize that some devices may behave 
as both master and slave at various times, depending on the mode 

20 of operation and the state of the system. For example, a memory 
device will typically have only slave functions, while a DMA 
controller, disk controller or CPU may include both slave and 
master functions. Many other semiconductor devices, including 
1/0 devices, disk controllers, or other special purpose devices 
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•uch as high speed switches can be modified for use with the bus 
of this in^rention. 

Each semiconductor device contains a set of internal 
registers, preferably including a device identification (device 
5 ID) register, a device-type descriptor register, control 
registers and other registers containing other information 
relevant to that type of device* In a preferred implementation, 
semiconductor devices connected to the bus contain registers 
vhich specify the memory addresses contained within that device 
10 ? and access-time registers which store a set of one or more delay 
I ; times at which the device can or should be available to send or 
]i zreceive data. 

Host of these registers can be modified and preferably 
are set as part of an initialization sequence that occurs when 
15 M the system is powered up or reset. During the initialization 
sequence each device on the bus is assigned a unique device ID 
number, which is stored in the device ID register. A bus master 
can then use these device ID numbers to access and set 
appropriate registers in other devices, including access-time 
20 registers, control registers, and memory registers, to configure 
the system. Each slave may have one or several access-time 
registers (four in a preferred embodiment). In a preferred 
embodiment, one access-time register in each slave is permanently 
or semi-permanently programmed with a fixed value to facilitate 
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certain control functions. A preferred implementation of an 
Initialisation sequence in described below in acre detail. 

All information sent between master devices and slave 
devices is sent over the external bus, irtiich, for example, nay be 
8 bits wide. This is accomplished by defining a protocol whereby 
a master device, such as a microprocessor, seises exclusive 
control of the external bus (i.e., becomes the bus master) and 
initiates a bus transaction by sending a request packet (a 
sequence of bytes comprising address and control information) to 
one or more slave devices on the bus. An address can consist of 
16 to 40 or more bits according to the teachings of this 
invention. Each slave on the bus must decode the request packet 
to see if that slave needs to respond to the packet. The slave 
that the packet is directed to must then begin any internal 
processes needed to carry out the requested bus transaction at 
the requested time. The requesting master may also need to 
transact certain internal processes before the bus transaction 
begins. After a specified access time the slave(s) respond by 
returning one or more bytes (8 bits) of data or by storing 
information made available from the bus. More than one access 
time can be provided to allow different types of responses to 
occur at different times. 

A request packet and the corresponding bus access are 
separated by a selected number of bus cycles, allowing the bus to 
be used in the intervening bus cycles by the same or other 
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joasters for additional requests or brief bus accesses. Xhus 
stultiple. Independent accesses are permitted, allowing aaxiffium 
utilisation of the bus for transfer of short blocks of data. 
Transfers of long blocks of data use the bus efficiently even 
5 without overlap because the overhead due to bus address, control 
etnd access times is small compared to the total time to request 
and tremsfer the block. 

Device Address Kapping 

iP j Another unique aspect of this invention is that each 

memory device is a complete, independent memory subsystem with 
all the fxinctionality of a prior art memory board in a 
conventional backplane-bus computer system. Individual memory 
devices may contain a single memory section or may be stibdivided 

IS;;' into more than one discrete memory section. Memory devices 

prefereibly include memory address registers for each discrete 
memory section. A failed memory device (or even a subsection of 
a device) can be "mapped out" with only the loss of a small 
fraction of the memory, maintaining essentially full system 

20 capability. Mapping out bad devices can be accomplished in two 
ways, both compatible with this invention. 

The preferred method uses address registers in each 
memory device (or independent discrete portion thereof) to store 
information which defines the range of bus addresses to which 

25 this, memory device will resjpond. This is similar to prior art 
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schemes used in memory boards in conventional backplane bus 
systems. The address registers can include a single pointer, 
usually pointing to a block of known size, a pointer and a fixed 
or variable block size value or two pointers # one pointing to the 
5 beginning and one to the end (or to the "top" and "bottom") of 
each memory block* By appropriate settings of the address 
registers, a series of functional memory devices or discrete 
memory sections can be made to respond to a contiguous range of 
addresses, giving the system access to a contiguous block of good 

10^^ memory, limited primarily by the nximber of good devices connected 
to the bus. A block of memory in a first memory device or memory- 
[% section can be assigned a certain range of addresses, then a 

block of memory in a next memory device or memory section can be 
assigned addresses starting with an address one higher (or lower, 

151;^ depending on the memory structure) than the last address of the 
previous block. 

Preferred devices for use in this invention include 
device-type register information specifying the type of chip, 
including how much memory is available in what configuration on 

20 that device. A master can perform an appropriate memory test, 
such as reading and writing each memory cell in one or more 
selected orders, to test proper fxinctioning of each accessible 
discrete portion of memory (based in part on information like 
device ID number and device-type) and write address values (up to 

25 40 bits in the preferred embodiment, lO" bytes), preferably 
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contiguous, into device address-space registers. MOn-functioxial 
or inpaired i&einoxy sections can be assigned a special address 
^ value vhich the system can interpret to avoid using that nemory. 

The second approach puts the burden of avoiding the bad 
5 devices on the system master or masters* CPUs and DHA 

controllers typically have some sort of translation look-aside 
buffers (TLBs) which map virtual to physical (bus) addresses. 
With relatively simple software, the TLBs can be programmed to 
use only working memory (data structures describing functional 
10 i 3 memories are easily generated). For masters \Aich don't contain 
TLBs (for exaii5>le, a video display generator), a small, single 
RAM can be used to map a contiguous range of addresses onto the 
addresses of the functional memory devices. — 
Either scheme works and permits a system to have a 
15 i;;^ significant percentage of non-functional devices and still 

continue to operate with the memory which reiaains. This means 
that systems built %d.th this invention will have much improved 
reliability over existing systems, including the ability to build 
systems with almost no field failures. 

20 

Bus 

The preferred bus architecture of this invention 
comprises 11 signalst Bu8Data[0t7] ; AddrValid; Clkl and Clk2; 
plus an input reference level and power and grotind lines • 
25 connected in parallel to each device. Signals are driven onto 
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the buB dxiring conventional bUB cycles. The notation 
•Signaltitj]" refers to a specific range of signals or lines, for 
example, BusData[0»7] means BusDataO, BusDatal, . . BusData?. 
The bus lines for Bu8Data[0x7] signals form a byte-wide, 
multiplexed data/address/control bus. AddrValid is used to 
indicate when the bus is holding a valid address request, and 
instructs a slave to decode the bus data as an address and, if 
the address is included on that slave, to handle the pending 
request. The two clocks together provide a synchronised, high 
speed clock for all the devices on the bus. In addition to the 
bused signals, there is one other line (Resetin, ResetOut) 
connecting each device in series for use during initialization to 
assign every device in the system a unique device ID number 
(described below in detail). 

To facilitate the extremely high data rate of this 
external bus relative to the gate delays of the internal logic, 
the bus cycles are grouped into pairs of even/odd cycles. Note 
that all devices connected to a bus should preferably use the 
same even/odd labeling of bus cycles and preferably should begin 
operations on even cycles. This is enforced by the clocking 
scheme. 



Protocol and Bus Operation 

The bus uses a relatively simple, synchronous, split- 
25 transaction, block-oriented protocol for bus transactions. One 
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of the goals of the system is to keep the Intelligence 
concentrated in the masters, thus keeping the slaves as simple as 
possible (since there are typically many more slaves than 
masters). To reduce the complexity of the slaves, a slave should 
preferably respond to a request in a specified time, sufficient 
to allow the slave to begin or possibly complete a device- 
internal phase including any internal actions that must precede 
the subsequent bus access phase. The time for this bus access 
phase is known to all devices on the bus - each master being 
responsible for making sure that the bus will be free when the 
bus access begins. Thus the slaves never worry about arbitrating 
for the bus. This approach eliminates arbitration in single 
master systems, and also makes the slave-bus interface simpler. 

In a preferred implementation of the invention, to 
initiate a bus transfer over the bus, a master sends out a 
request packet, a contiguous series of bytes containing address 
and control information. It is preferable to use a request 
packet containing an even number of bytes and also preferable to 
start each packet on an even bus cycle. 

The device-select function is handled using the bus 
data lines. AddrValld is driven, ^rfiich instructs all slaves to 
decode the request packet address, determine whether they contain 
the requested address, and if they do, provide the data back to 
the master (in the case of a read request) or accept data from 
the master (in the case of a write request) in a data block 
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transfar. A naster can also select a specific device ty 
transmitting a device ID nunber in a request packet. Jn a 
preferred implementation^ a special device ZD number is chosen to 
indicate that the packet should be interpreted by all devices on 
5 the bus. This allows a master to broadcast a message, for 

exan^le to set a selected control register of all devices with 
the same value. 

The data block transfer occurs later at a time 
specified in the request packet control information, preferably 
10 beginning on an even cycle. A device begins a data block 

J transfer almost immediately with a device-internal phase as the 
. J device initiates certain functions, such as setting up memory 
ly addressing, before the bus access phase begins. The time after 
I i which a data block is driven onto the bus lines is selected from 
15 ;i~ values stored in slave access-time registers. The timing of data 
j:^ for reads and %n:ites is preferably the same; the only difference 
- is trtiich device drives the bus. For reads, the slave drives the 
bus emd the master latches the values from the bus. For %n:ite8 
the master drives the bus and the selected slave latches the 
20 values from the bus. 

In a preferred implementation of this invention shown 
in Figure 4, a request packet 22 contains 6 bytes of data — 4.5 
address i^es and 1.5 control bytes. Each request packet uses 
all nine bits of the multiplexed data/address lines (AddrValid 23 
25 -I- BusDatatOs?] 24) for all six bytes of the request packet. 
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setting 23 JUkWralld ^ 1 ^ otherwise unueed ^ cyci^ 
indict., the .frt of «, packet (control lafoaetloa). 

In a valid request packet, MdrValld 27 «a.t be 0 In the la.t 
byte. Asserting this signal 1„ the last byte Invalidates th. 
request packet. Ihls Is used for the collision detection and 
srbltration logic (described belo»). Bytes 2S-26 contain the 
first 35 address bits, Addres.tO>35]. The last byte contains 
Addrvalld 27 (the Invalidation switch) and 28, the res^nlng 
address bits, AddressI36.39], and BlockSlsetO.3] (control 
information). 

The first byte contains two 4 bit fields containing 
control infonaatlon, AccessTyperO:3], an op code (operation code) 
which, for example, specifies the type of access, and 
«a8teriO:3], a position reserved for the master sending the 
packet to include its master ID number. Only master numbers 1 
through 15 are allowed - master number 0 is reserved for special 
system commands. Any packet with Ma8ter[0:3] - 0 is an invalid 
or special packet and is treated accordingly. 

The AccessType field specifies whether the requested 
operation is a read or write and the type of access, for example, 
whether it is to the control registers or other parts of the 
device, such as memory, m a preferred implementation, 
AccessTyperO] is a Read/Write switch, if It is a 1, then the 
operation calls for a read from the slave (the slave to read the 
requested memory block and drive the memory contents onto the 
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btt»)j If It Is a 0, the operation calls for a write Into the 
slave (the slave to read data from the bus and write It to 
aeaory). Acce8sType[lt3] provides np to 8 different access types 
for a slave. Acce88Typetli2] preferably indicates the timing of 
the response, which is stored in an access-time register, 
AccessRegJir. The choice of access-time register can be selected 
directly by having a certain op code select that register, or 
indirectly by having a slave respond to selected op codes with 
pre-selected access times (see table below). -Che remaining bit, 
AccessType[33 »ay be used to send additional information about 
the request to the slaves. 

One special type of access is control register access, 
^ich involves addressing a selected register in a selected 
slave. In the preferred implementation of this invention, 
AccessType(lt3] equal to zero indicates a control register 
request and the address field of the packet indicates the desired 
control register. For example, the most significant two bytes 
can be the device ID number (specifying ^ich slave is being 
addressed) and the least significant three bytes can specify a 
register address and may also represent or include data to be 
loaded into that control register. Control register accesses are 
used to initialise the access-time registers, so it is preferable 
to use a fixed response time which can be preprogrammed or even 
hard wired, for example the value in AccessRegO, preferably 8 
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C7cl«8. Control regis tor access can also be used to initialise 
or nodify other registers. Including address registers. 

The nethod of this invention provides for access node 
control specifically for the DRAMs. One such access node 
5 detezoines %^ether the access is page mode or normal HAS access. 
In normal mode (in conventional DRAMS and in this invention), the 
DRAM coltmn sense amps or latches have been precharged to a value 
intermediate between logical 0 and 1. This precharging allows 
access to a row in the RAM to begin as soon as the access request 

10 3 for either inputs (%a:ite8) or outputs (reads) is received and 

allows the column sense amps to sense data quickly. In page mode 
(both conventional and in this Invention), the DRAM holds the 
data in the colxann sense amps or latches from the previous read 
or write operation. If a subsequent request to access data is 

15^1 directed to the same row, the DRAM does not need to w&Lt for the 
data to be sensed (it has been sensed already) and access time 
Q for this data is much shorter than the normal access time. Page 
mode generally allows much faster access to data but to a smaller 
block of data (equal to the number of sense amps). However, if 

20 the requested data is not in the selected row, the access time is 
longer than the normal access time, since the request must wait 
for the RAM to precharge before the normal mode access can start. 
Two access-time registers in each DRAM preferably contain the 
access times to be used for normal and for page-mode accesses, 

25 respectively. 
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The access mode also determines whether the DRAM should 
precharge the sense amplifiers or should save the contents of the 
sense aaetps for a subsequent page mode access* Typical settings 
are "precharge after normal access* and "save after page mode 
5 access" but "precharge after page mode access" or "save after 
normal access" are allowed, selectable modes of operation. The 
DRAM can also be set to precharge the sense amps if they are not 
accessed for a selected period of time. 

In page mode, the data stored in the DRAM sense 

10 ^ amplifiers may be accessed within much less time than it takes to 
read out data in normal mode ( •'10-20 nS vs. 40-*100 nS). This 
data may be kept available for long periods. However, if these 
sense amps (and hence bit lines) are not precharged after an 
Q access, a subsequent access to a different memory word (row) will 

IS y suffer a precharge time penalty of about 40-100 nS because the 
sense amps must precharge before latching in a new value. 

The contents of the sense amps thus may be held and 
used as a cache, allowing faster, repetitive access to small 
blocks of data. DRAM-based page-mode caches have been attempted 

20 in the prior art using conventional DRAM organisations but they 
are not very effective because several chips are required per 
computer %rord. Such a conventional page-mode cache contains many 
bits (for example, 32 chips x 4Kbits) but has very few 
independent storage entries. In other words, at any given point 

25 in time the sense amps hold only a few different blocks or memory 
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•locales- (a single block of 4K words, in the example above). 
Slnulatlons have shown that upwards of 100 blocks are required to 
achieve high hit rates (>90% of requests find the requested data 
already in cache memory) regardless of the sire of each block. 
See, for exajsple, Anant Agarwal, et. al., "An Analytic Cache 
Model,- ACM Transactions on Computer Systems, Vol. 7(2), pp. 
184-215 (May 1989). 

The organization of memory in the present invention 
allows each DRAM to hold one or more (4 for 4MBit DRAMS) 
separately- addressed and independent blocks of data. A personal 
computer or workstation with 100 such DRAMs (i.e. 400 blocks or ' 
locales) can achieve extremely high, very repea table hit rates 
(98-99% on average) as compared to the lower (50-80%), widely 
varying hit rates using DRAMS organized in the conventional 
fashion. Further, because of the time penalty associated with 
the deferred precharge on a "miss" of the page-mode cache, the 
conventional DRAM-based page-mode cache generally has been found 
to work less well than no cache at all. 
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For DRAM slave access, the access types are preferably 
used in the f^lowtng way» ^ , 

Control Register Fixed, BCAccessRegO] 
Access 

Unused Fixed, SEAcceBsRegO] 

/ unused AccessRegl 



1 

2-3 



4.5 ' Page Mode DRAM Acce8sReg2 

access 

A Normal DRAM access. AccessRegS 



6-7 



Persons skilled in the art will recognize that a series of 
available bits could be designated as switches for controlling 
these access modes. For example: 

AccessType[2] « page mode/normal switch 
Acce86Type[31 « precharge/save-data switch 

BlockSize[0:3] specifies the size of the data block 
transfer. If BlockSizetO] is 0, the remaining bits are the 
binary representation of the block size (0-7). If BlockSizelO] 
i8 1, then the remaining bits give the block size as a binary 
power of 2, from 8 to 1024. A zero-length block can be 
interpreted as a special command, for example, to refresh a DRAM 
without returning any data, or to change the DRAM from page mode 
to normal access mode or vice-versa. 
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Q 7 0-7 respectively 

r 

io 32 



11 fi* 

12 128 

13 256 

14 512 

15 1024 



persons skilled in the art will recognize that other blocX size 
encoding schemes or values can be used. 
15 :i in most cases, a slave will respond at the selected 

1 .ccess time by reading or writing data from or to the bus over 
^1 bus lines BusData[0:73 and MdtValid will be at logical 0. In a 
:S preferred embodiment, substantially each memory access will 
i involve only a single memory device, that is, a single bloclc will 
20 S be read from or written to a single memory device. 

Q Retry Format 

I„ some cases, « slave »ay not be »bU to respond 
correctly to a revest, e.g., for a read or vrite. In such a 
25 situation, the slave should return an error message, someti-es 
called a K(o)ACKCnowledge) or retry message. The retry message 
can include information about the condition requiring a retry, 
but this increases system requirements for circuitry in both 
' Slave and masters. A simple message indicating only that an 
30 error has occurred allows for a less complex slave, and the 
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.aster can take whatever action Is needed to understand and 

correct the cause of the error ♦ 

Por example, under certain conditions a .lave slight not 
be able to supply the requested data. During a page-»ode access, 
the DRAM selected smst be in page node and the requested address 
must match the address of the data held in the sense amps or 
latches. Each DRAM can check for this match during a page-mode 
access. If no match is found, the DRAM begins precharging and 
. returns a retry message to the master during the first cycle of 
3 the data block (the rest of the returned block is ignored). The 
5 master then must wait for the precharge time (which is set to 
3 accomodate the type of slave in question, stored in a special 
3 register, PreChargeReg ) , and then resend the request as a normal 
3 DRAM access (AccessType » 6 or 7 ) . 

in the preferred form of the present invention, a slave 
i signals a retry by driving Addrvalid true at the time the slave 
^ was supposed to begin reading or writing data. A master which 
expected to write to that slave must monitor AddrValid during the 
write and take corrective action if it detects a retry message. 
Figure 5 illustrates the format of a retry message 28 which is 
useful for read requests, consisting of 23 AddrValid-l with 
Haster[0:3] - 0 in the first (even) cycle. Note that AddrValid 
is normally 0 for data block transfers and that there i. no 
master 0 (only 1 through 15 are allowed). All DRAM, and masters 
can easily recognize such a packet as an invalid request packet. 
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and therefore a retry aessage. In this type of bus transaction 
aU of the fields except for MasterCOtS] and AddtVaUd 23 »ay be 
nsed as information fields, although in the implementation 
described, the contents are undefined. Persons skilled in the 
art recognize that another method of signifying a retry message 
is to add a Datalnvalid line and signal to the bus. This signal 
could be asserted in the case of a KACK. 



Bus Arbitration 

In the case of a single master, there are by definition 
no arbitration problems. The master sends request packets and 
keeps track of periods when the bus will be busy in response to 
that packet. The master can schedule multiple requests so that 
the corresponding data block transfers do not overlap. 

The bus architecture of this invention is also useful 
in configurations with multiple masters. When two or more 
masters are on the same bus, each master must keep track of all 
the pending transactions, so each master knows when it can send a 
request packet and access the corresponding data block transfer. 
Situations will arise, however, where two or more masters send a 
request packet at about the same time and the multiple requests 
must be detected, then sorted out by some sort of bus 
arbitration . 

There are many ways for each master to keep track of 
when the bus is and will be busy. A simple method is for each 
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naster to aaintain a bus-busy data structure, for •xasaplm 
■alntalning two pointers, one to indicate the earliest point in 
the future trtxen the bus will be busy and the other to indicate 
the earliest point in the future when the bus will be free, that 
is, the end of the latest pending data block transfer. Using 
this information, each master can determine whether and %Aen 
there is enough time to send a request packet (as described above 
under Protocol) before the bus becomes busy with another data 
. block transfer and whether the corresponding data block transfer 
! will interfere with pending bus transactions. Thus each master 
i must read every request packet and update its bus-busy data 
! structure to maintain information about when the bus is and will 
i be free. 

With two or more masters on the bus, masters will 
; occasionally transmit independent request packets during the same 
{ bus cycle. Those multiple requests will collide as each such 
! master drives the bus simultaneously with different information, 
resulting in scrambled request information and neither desired 
data block transfer. In a preferred form of the invention, each 
device on the bus seeking to write a logical 1 on a BusData or 
Addrvalid line drives that line with a current sufficient to 
sustain a voltage greater than or equal to the high-logic value 
for the system. Devices do not drive lines that should have a 
logical 0; those lines are simply held at a voltage corresponding 
to a- low-logic value. Each master tests the voltage on at least 
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some, preferably all, bue data and the Add^^Valid lines so the 
aaster can detect a logical '1' %rtiere the expected level Is '0' 
on a line that it does not drive dioring a given bus cycle but 
another master does drive. 

Another way to detect collisions is to select one or 
more bus lines for collision signalling. Each master sending a 
request drives that line or lines and monitors the selected lines 
for more than the normal drive current (or a logical value of 
, •>!•), indicating requests by more than one master. Persons 
3 skilled in the art will recognize that this can be implemented 
3vith a protocol involving BusData and AddrValid lines or could be 
^implemented using an additional bus line. 

In the preferred form of this invention, each master 
3 detects collisions by monitoring lines which it does not drive to 
] see if another master is driving those lines. .Referring to Fig. 
U, the first byte of the request packet includes the number of 
^ each master attempting to use the bus (MaBter[0:3] ) . If two 
masters send packet requests starting at the same point in time, 
the master numbers will be logical -or'ed together by at least 
those masters, and thus one or both of the masters, by monitoring 
the data on the bus and comparing \*at it sent, can detect a 
collision. For instance if requests by masters number 2 (0010) 
and 5 (0101) collide, the bus will be driven with the value 
HasterC0t33-7 (0010 + 0101 - 0111). Master number 5 will detect 
that the signal Master[2] - 1 and master 2 will detect that 
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ItosterCl] and Master(33 « 1, telling both masters that a 
collision has occurred. Another example is masters 2 and 11, for 
which the bus will be driven with the value Master[0i3]-ll (0010 
4 1011 « 1011), and although master 11 can't readily detect this 
collision, master 2 can. When any collision is detected, each 
master detecting a collision drives the value of AddrValid 27 in 
byte 5 of the request packet 22 to 1, which is detected by all 
masters, including master 11 in the second example above, and 
forces a bus arbitration cycle, described below. 

Another collision condition may arise where master A 
I !l sends a request packet in cycle 0 and master B tries to send a 
ii request packet starting in cycle 2 of the first request packet, 
I!" thereby overlapping the first request packet. This will occur 
1:3 from time to time because the bus operates at high speeds, thus 
15 the logic in a second-initiating master may not be fast enough to 
-3 detect a request initiated by a first master in cycle 0 and to 
react fast enough by delaying its own request. Master B 
eventually notices that it wasn't supposed to try to send a 
request packet (and consequently almost surely destroyed the 
address that master A was trying to send), and, as in the example 
above of a simultaneous collision, drives a 1 on Addi?Valid during 
byte 5 of the first request packet 27 forcing an arbitration. 
The logic in the preferred implementation is fast enough that a 
master should detect a request packet by another master by cycle 



20 
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3 of the first request packet, so no master is likely to attempt 
to send a potentially colliding request packet later than 
cycle 2. 

Slave devices not need to detect a collision directly, 
but they must wait to do anything irrecoverable until the last 
byte (byte 5) is read to ensure that the packet is valid. A 
request packet with Ma8ter[0»3] equal to 0 (a retry signal) is 
ignored and does not cause a collision. The subsequent bytes of 
such a packet are ignored. 

TO begin arbitration after a collision, the masters 
wait a preselected number of cycles after the aborted request 
packet (4 cycles in a preferred implementation), then use the 
next free cycle to arbitrate for the bus (the next available even 
cycle in the preferred implementation). Each colliding master 
signals to all other colliding masters that it seeks to send a 
request packet, a priority is assigned to each of the colliding 
masters, then each master is allowed to make its request in the 

order of that priority. 

Figure 6 illustrates one preferred way of implementing 
this arbitration. Each colliding master signals its intent to 
send a request packet by driving a single BusData line during a 
single bus cycle corresponding to its assigned master number (1- 
15 in the present example). During two-byte arbitration cycle 
29, byte 0 is allocated to requests 1-7 from masters 1-7^ 
respectively, (bit 0 is not used) and byte I is allocated to 
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requests 8-15 from masters 8-15, respectively. At least one 
device and preferably each colliding master reads the values on 
the bus during the arbitration cycles to determine and store 
%diich masters desire to use the bus. Persons skilled in the art 
will recognize that a single byte can be allocated for 
arbitration requests if the system includes more bus lines than 
masters. More than 15 masters can be accommodated by using 

additional bus cycles. 

A fixed priority scheme (preferably using the master 
i numbers, selecting lowest numbers first) is then used to 
] prioritize, then sequence the requests in a bus arbitration queue 
3 which is maintained by at least one device. These requests are 
] queued by each master in the bus-busy data structure and no 
= further requests are allowed until the bus arbitration queue is 
] cleared. Persons skilled in the art will recognise that other 
i priority schemes can be used, including assigning priority 
3 according to the physical location of each master. 

System Configuration/Reset 

in the bus-based system of this invention, a mechanism 
is provided to give each device on the bus a unique device 
identifier (device ID) after power-up or under other conditions 
as desired or needed by the system. A master can then use this 
device ID to access a specific device, particularly to set or 
modify registers of the specified device, including the control 
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and address registers. In the preferred embodinent, one aaster 
. is assigned to carry out the entire system configuration process. 
The master provides a series of unique device ID numbers for each 
unique device connected to the bus system. In the preferred 
5 embodiment, each device connected to the bus contains a special 
device-type register which specifies the type of device, for 
instance CPU, 4 MBit memory, 64 MBit memory or disk controller. 
The configuration master should check each device, determine the 
device type and set appropriate control registers, including 
10 3 access-time registers. The configuration master should check 
i each memory device and set all appropriate memory address 
:j registers. 

One means to set up unique device ID numbers is to have 
1 each device to select a device ID in sequence and store the value 
15 1;^ in an internal device ID register. For example, a master can 
;j pass sequential device ID numbers through shift registers in each 
:3 of a series of devices, or pass a token from device to device 
whereby the device with the token reads in device ID information 
from another line or lines. In a preferred embodiment, device ID 
20 numbers are assigned to devices according to their physical 
relationship, for instance, their order along the bus. 

In a preferred embodiment of this invention, the device 
ID setting is accomplished using a pair of pins on each device, 
Resetln and ResetOut. These pins handle normal logic signals and 
25 are .used only during device ID configuration. On each rising 
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0dg9 of the clock, each device copies ResetZn (an input) into a 
four-stage reset shift register. The output of the reset shift 
register is connected to ResetOut, which in turn connects to 
Resetin for the next sequentially connected device. 
Substantially all devices on the bus are thereby daisy-chained 
together. A first reset signal, for example, vhile Resetin at a 
device is a logical 1, or %»hen a selected bit of the reset shift 
register goes from lero to non-rero, causes the device to hard 
:=] reset, for example by clearing all internal registers and 
= resetting all state machines. A second reset signal, for 
Irl example, the falling edge of Resetin combined with changeable 
;3 values on the external bus, causes that device to latch the 

contents of the external bus into the internal device ID register 
■3 (Device[0:7]) . 

To reset all devices on a bus, a master sets the 
1:3 Resetin line of the first device to a "1" for long enough to 
' ensure that all devices on the bus have been reset (4 cycles 
times the number of devices — note that the maximum number of 
devices on the preferred bus configuration is 256 (8 bits)/ bo 
that 1024 cycles is always enough time to reset all devices.) 
Then Resetin is dropped to "0" and the BusData lines are driven 
with the first followed by successive device ID numbers, changing 
after every 4 clock pulses. Successive devices set those device 
ID numbers into the corresponding device ID register as the 
falling edge of Resetin propagates through the shift registers of 
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th« daisy-chained devices. Figure 14 shows Resetin at a first 
device going low while a master drives a first device ID onto the 
bas data lines BusDatatOtS] . The first device then latches in 
that first device ID. After four clock cycles, the master 
5 changes Bu8Data[0t3] to the next device ID number and ResetOut at 
the first device goes low, %»hich pulls Resetin for the next 
daisy-chained device low, allowing the next device to latch in 
the next device ID number from Bu8Data[0»3] . In the preferred 
embodiment, one master is assigned device ID 0 and it is the 
10 d responsibility of that master to control the Resetin line and to 
3 drive successive device ID numbers onto the bus at the 
:3 appropriate. times. In the preferred embodiment, each device 
m waits tw clock cycles after Resetin goes low before latching in 
a device ID number from BusData[0t3] . 
15 Persons skilled in the art recognise that longer device 

ID numbers could be distributed to devices by having each device 
^ read in multiple bytes from the bus and latch the values into the 
device ID register. Persons skilled in the art also recognise 
that there are alternative ways of getting device ID numbers to 
20 unique devices. For instance, a series of sequential numbers 
could be clocked along the Resetin line and at a certain time 
each device could be instructed to latch the current reset shift 
register value into the device ID register. 

The configuration master should choose and set an 
25 access time in each access-time register in each slave to a 
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period .tifficlently long to allow the .lave to perform an actual, 
desired .emory accesB. For example, for a normal DRAM access, 
this time must be longer than the row address strobe (HAS) access 
time. If this condition is not met, the slave may not deliver 
the correct data. The value stored in a slave access-time 
register is preferably one-half the number of bus cycles for 
which the slave device should wait before using the bus in 
response to a request. Thus an access time value of '1' would 
. indicate that the slave should not access the bus until at least 
I two cycles after the last l^e of the request packet has been 
I received. The value of AccessRegO is preferably fixed at 8 
a (cycles) to facilitate access to control registers. 

The bus architecture of this invention can include more 
I than one master device. The reset or initialization sequence 
t Should also include a determination of whether there are multiple 
I masters on the bus, and if so to assign unique master ID numbers 
3 to each, persons skilled in the art will recognize that there 
are many ways of doing this. For instance, the master could poll 
each device to determine what type of device it is, for example, 
by reading a special register then, for each master device, write 
the next available master ID number into a special register. 



sec 



Error detection and correction ("ECC-) methods well 
known in the art can be implemented in this system. ECC 
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information typically i« calculated for a block of data at the 
time that block of data is first written into memory. The data 
block usually has an integral binary si«e, e.g. 256 bits, and the 
ECC information uses significantly fewer bits. A potential 
problem arises in that each binary data block in prior art 
schemes typically is stored with the ECC bits appended, resulting 
in a block size that is not an integral binary power. 

In a preferred embodiment of this invention, ECC 
information is stored separately from the corresponding data, 
Jwhich can then be stored in blocks having integral binary sire. 
3 ECC information and corresponding data can be stored, for 
i example, in separate DRAM devices. Data can be read without ECC 
Busing a single request packet, but to write or read error- 
3 corrected data requires two request packets, one for the data and 
; e second for the corresponding ECC information. ECC information 
% may not always be stored permanently and in some situations the 
^ ECC information may be available without sending a request packet 
or without a bus data block transfer. 

in a preferred embodiment, a standard data block sise 
can be selected for use with ECC, and the ECC method will 
determine the required number of bits of information in a 
corresponding ECC block. RMls containing ECC information can be 
programmed to store an access time that is equal tot (1) the 
access time of the normal RAM (containing data) plus the. time to 
access a standard data block (for corrected data) minus the ti^e 
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to ••nd a request packet (6 bytes)? or* (2) the access tlae of a 
noxnal RAM silnus the tine to access a standard ECC block sdnus 
the tine to send a request packet. To read a data block and the 
correspondinq ECC block, the master simply Issues a request for 
the data immediately followed by a request for the ECC block. 
The ECC RAM will wait for the selected access time then drive its 
data onto the bus right after (in case (1) above)) the data RAM 
has finished driving out the data block. Persons skilled in the 
art will recognize that the access time described in case (2) 
I above can be used to drive ECC data before the data is driven 
j onto the bus lines and will recognize that writing data can be 
1 done by analogy with the method described for a read. Persons 
i skilled in the art will also recognize the adjustments that must 

be made in the bus-busy structure and the request packet 
; arbitration methods of this invention in order to accommodate 
\ these paired ECC requests. 

Since this system is quite flexible, the system 
designer can choose the size of the data blocks and the number of 
ECC bits using the memory devices of this invention. Kote that 
the data stream on the bus can be interpreted in various ways. 
For instance the sequence can be 2" data bytes followed by 2* ECC 
bytes (or vice versa), or the sequence can be 2* iterations of 8 
data bytes plus 1 ECC byte. Other information, such as 
information used by a directory-based cache coherence scheme, can 
also? be managed this %»ay. See, for example, Anant Agarwal, et 
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•I.* "8calMbl« DlMCtozy 6ch«n«s for Cach* Conil*t«nqf#*.15th 
- « 'JbtACMtional ^^apoBlvm on CoeputT JirehitmcturOt 9M|M jJ88# pp. 
"^SO-iS^. «K>«e »kill«d in th« art will rocogni«» altamatiT» 

Mthods of in^lcsenting SCC schefflos that are %d.thin the teachings 

of this invention. 

Lov Poffer 3-D Packaging 

Another najor advantage of this invention is that it 
drastically reduces the memory system power consumption. Hearly 
3 all the power consumed by a prior art DRAM is dissipated in 
;== performing row access. By using a single row access in a single 
li JOM to supply all the bits for a block request (conqpared to a 
i;S row-access in each of multiple RftMs in conventional memory 
Bystems) the power per bit can be made very small. Since the 
power dissipated by memory devices using this invention is 
J significantly reduced, the devices potentially can be placed much 
Q closer together than with conventional designs. 

The bus architecture of this invention makes possible 
an innovative 3-D packaging technology. By using a narrow, 
multiplexed (time-shared) bus, the pin count for an arbitrarily 
large memory device can be kept q:uite small - on the order of 20 
pins. Moreover, this pin count can be kept constant from one 
generation of DRAM density to the next. The low pow«r 
dissipation allows each package to be smaller, with siarrower pin 
pitches (spacing between the IC pins). With current surface 
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aoont technology snpportlng pin pitchos as low a« 20 mllMg mil 
of £-d«Tic« connsctlons can be ii^lanentad on a singla adga of the 
Moory device. Seaiconductox die useful in this invention 
preferably have connections or pads along one edge of the die 
nhich can then be wired or otherwise connected to the package 
pins with wires having similar lengths. This geometry also 
allows for very short leads, preferably with an effective lead 
length of less than 4 nm. Furthermore, this invention uses only 
bused interconnections, i.e., each pad on each device is 
connected by the bus to the corresponding pad of each other 
device. 

The use of a low pin count and an edge-connected bus 
permits a simple 3-D package, %»hereby the devices are stacked and 
the bus is connected along a single edge of the stack. The fact 
that all of the signals are bused is important for the 
implementation of a simple 3-D structure. Without this, the 
complex!'^ of the "backplane" would be too difficult to make cost 
effectively with current technology. The individual devices in a 
stack of the present invention can be packed q[uite tightly 
because of the low power dissipated by the entire monory system, 
permitting the devices to be stacked bumper-to-bumper or top to 
bottott. Conventional plastic-injection molded small outline (SO) 
packages can be used with a pitch of about 2.5 mm (100 ails), but 
the ultixaate limit would be the device die thickness, which is 
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aboDt ma ord«r of ■agnitode «nall«r, 0.2-0.5 mm usls^ pnrr«nt 
nmlmr technology. 



Bos Slectrical Description 

By using devices with very low power dissipation and 
close physical packing, the bus can be made quite short, ^ch in 
turn allows for short propagation times and high data rates. The 
bus of a preferred embodiment of the present Invention consists 
of a set of resistor-terminated controlled Impedance transmission 
lines which can operate up to a data rate of 500 KEz (2 ns 
cycles). The characteristics of the transmission lines are 
strongly affected by the loading caused by the DRAMs (or other 
slaves) mounted on the bus. These devices add lumped capacitance 
to the lines which both lowers the impedance of the lines and 
decreases the transmission speed. In the loaded environment, the 
bus Impedance is likely to be on the order of 25 ohms and the 
propagation velocity about c/4 (c - the speed of light) or 7.5 
cm/ns. To operate at a 2 ns data rate, the transit time on the 
bus should preferably be kept under 1 ns, to leave 1 ns for the 
setup and hold time of the input receivers (described below) plus 
clock skew. Thus the bus lines must be kept quite short, under 
about 8 cm for maximum performance. Lower performance systems 
may have much longer lines, e.g. a 4 ns bus may have 24 cm lines 
(3 ns transit time, 1 ns setup and hold tixM). -i^.* 
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In thm mfTr9d «nbodi»«it, the bus uumm ^»PKit 
^'^oaxcm drlv«r«. «ach output maut b* able to •ink SO a^, ^ch 
provide* an output swing of about 500 mV or «ora. X» tha 
prafart^i anbodlment of thia invantlon, tha bus is actlva low. 
Tha unasserted state (the high value) is preferably considered a 
logical sero, and the asserted value (low state) is therefore a 
logical 1. Those skilled in the art understand that tha »ethod 
of this invention can also be implemented using the opposite 
^ logical relation to voltage. The value of the unasserted state 
) 5 is set by the voltage on the termination resistors, and shou ld be 
high enough to allow the outputs to act as currant aources, while 
being as low as possible to reduce power dissipation. These 
constraints may yield a termination voltage about 2V above .ground 
Q in the preferred implementation. Current source drivers cause 
15 I J the output voltage to be proportional to the sum of the sources 

driving the bus. 

Referring to Pig. 7, although there is no stable 
condition %Aere two devices drive the bus at the same time, 
conditions can arise because of propagation delay on the wires 

20 where one device, A 41, can start driving its part of the bus 44 
while the bus is still being driven by another device, B 42 
(already asserting a logical 1 on the bus). In a aystem using 
current drivers, when B 42 is driving the bus (befora t:iae 46), 
the value at points 44 and 45 is logical 1. If B 42 switches off 

25 at time 46 just when A 41 switches on, the additional drive by 
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d&vLc9 A 41 cautM the voltage at the output 44 of ^ 41 to drop 
briefly below the normal value. The voltage return* to Itm 
fnozaal value at tine 47 %ihen the effect of device B 42 turning 
«ff is felt. The voltage at point 45 goes to logical 0 when 
5 device B 42 turns off, then drops at time 47 when the effect of 
device X 41 turning on is felt. Since the logical I driven 1^ 
current from device A 41 is propagated irrespective of the 
previous value on the bus, the value on the bus is guaranteed to 
settle after one time of flight (t<) delay, that is, the tine it 
10 !^ takes a signal to propagate from one end of the bus to the other. 
; i If a voltage drive ws used (as in ECL wired-ORing), a logical 1 
. !i on the bus (from device B 42 being previously driven) %»ould 
SS prevent the transition put out by device A 41 being felt at the 
nost remote part of the system, e.g., device 43, until the 
15 M tumof f waveform from device B 42 reached device A 41 plus one 
3 tine of flight delay, giving a worst case settling time of twice 
Q the time of flight delay. 

Clocking 

20 Clocking a high speed bus accurately without 

introducing error due to propagation delays can be Inplemented by 
having each device monitor two bus clock signals and then derive 
internally a device clock, the true system clock. The bus clock 
information can be sent on one or .'two lines to provide 

25 mechanism for each bused device to generate an internal device 
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clock with s«ro tkev fUttlrm to All the other derio* clocks. 
.Jtef erring to Figure 8/ in the preferred ixplementetioD/« ham 
'Clock generator 50 at one end of the bus propagates an Mrly bus 
clock signal in one direction along the bus, for exastple on line 
53 from left to right, to the far end of the bus* Che same clock 
signal then is passed through the direct connection shown to a 
second line 54, and rettxms as a late bus clock signal along the 
bus frosn the far end to the origin, propagating from right to 
left. A single bus clock line can be used if it is left 
unterminated at the far end of the bus, allowing the early bus 
clock signal to reflect back along the same line as a late bus 
clock signal* 

Figure 8b illustrates how each device 51, 52 receives 
each of the two bus clock signals at a different time (because of 
propagation delay along the vires), with constant midpoint in 
time between the two bus clocks along the bus. At each device 
51, 52, the rising edge 55 of Clockl 53 is followed by the rising 
edge 56 of Clock2 54. Similarly, the falling edge 57 of Clockl 
53 is followed hy the falling edge 58 of Clock2 54. This 
waveform relationship is observed at all other devices along the 
bus. Devices which are closer to the clock generator have a 
greater separation between Clockl and Clock2 relative to devices 
farther from the generator because of the longer time required 
for each clock pulse to traverse the bus and return along line 
54, but the midpoint in time 59, €0 between corresponding rising 
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or fAlIlng odgei is f izsd bscauss, for any glvon danrioo, tho 
longth of oach clock lino botmn tho far ond of tho MS ond that 
EdOTieo is oqual . Each dovico sust sans^lo the two bos elobks and 
•generate its own internal device clock at the sddpoint of the 
two. 

Clock distribution problems can be further reduced by 
using a bus clock and device clock rate equal to the bus cycle 
data rate divided by tMO, that is, the bus clock period is twice 
the bus cycle period. Thus a 500 KEz bus preferably uses a 250 
KHs clock rate. This reduction in frequency provides two 
benefits. Pirst it makes all signals on the bus have the same 
worst case data rates — data on a 500 KHz bus can only change 
every 2 as. Second, clocking at half the bus cycle data rate 
makes the labeling of the odd and even bus cycles trivial, for 
example, by defining even cycles to be those when the internal 
device clock is 0 and odd cycles when the internal device clock 
is 1. 

Multiple Buses 

The limitation on bus length described above restricts 
the total number of devices that can be placed on a single bus. 
Using 2.5 mm spacing between devices, a single 6 cm bus will hold 
about 32 devices. Persons skilled in the art %d.ll recognise 
certain applications of the present invention wherein the overall 
data rate on the bus is adequate but memory or processing 
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x»qulr«n«it» n»c«i8itat« a wich larger number of <»^|f^ (f^y 
»or« than 32). Larger systems can easily be built ttsisg the 
^^•achings of this invention by using one or Bore asaozy 
sl^systems, designated primary bus units, each of lAich consists 
of two or more devices, typically 32 or close to the maximum 
allowed by bus design requirements, connected to a transceiver 
device. 

Referring to Figure 9, each primary bus unit can be 
counted on a single circuit board 66, sometimes called a memory 
3 stick. Each transceiver device 19 in turn connects to a 
3 transceiver bus 65, similar or identical in electrical and other 
i respects to the primary bus 18 described at length above. In a 

0 preferred Unplementation, all masters are situated on the 

, transceiver bus so there are no transceiver delays between 

1 aasters and all memory devices are on primary bus units so that 
5 all memory accesses experience an equivalent transceiver delay, 
3 but persons skilled in the art will recognise how to implement 

systems which have masters on more than one bus unit and memory 
devices on the transceiver bus as well as on primary bus units, 
in general, each teaching of this invention which refers to a 
memory device can be practiced using a transceiver device and one 
or more memory devices on an attached primay bus unit. Other 
devices, generically referred to as peripheral devices. Including 
disk controllers, video controllers or I/O devices can also be 
attached to either the transceiver bus or a primary bus unit, as 
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dMiz^. PraoM •killBd In th« art will racoflni«« ^ to u»a a 
•lngl« prlaary ham unit or wiltipU prlaary bus unlti M a»«l«d 
' "f nith « tranaceivar bus In cartaln ayatem designa. 

Tha transceivara ara quite aia«>lo in function. Thay 
5 detect request packeta on the transceiver bus and transmit them 
to their primary bus unit. If the request packet calls for a 
vrite to a device on a transceiver's primary bus unit, that 
transceiver keeps track of the access time and block sise and 
forwards all data from the transceiver bus to the primary bus 
10 3 unit during that time. •Che transceivers also watch their primary 
3 bus unit, forwarding any data that occurs «iere to the 
;1 transceiver bus. The high speed of the buses means that the 
% transceivers will need to be pipelined, and will require an 
% additional one or two cycle delay for data to pass through the 
15 E transceiver in either direction. Access times stored in masters 
5 on the transceiver bus must be increased to account for 
S transceiver delay but access tUnes stored in slaves on a primary 
bus unit should not be modified. 

Persons skilled in the art will recognise that a more 
sophisticated transceiver can control transmissions to and from 
prijaary bus units. An additional control line, TmcvrRW can be 
bused to all devices on the transceiver bus, using that line in 
conjunction with the AddrValid line to indicate to all devices on 
the transceiver bus that the information on the data lines isi 1) 
25 a request packet, 2) valid data to a slave, 3) valid data from a 

High Performance Bus Interface -50- 



20 



mlm, or 4) Invalid data (or idl« bu»). Uiing thL» mxtn 
control lln« 6bvlat«» tha n—A for tha tranacalvara to kaap track 
^ |«f wben data naeda to ba forwarded from Ita primary bam to the 

transceiver bua - all tranaceivers aend all data froo their 
5 primary bua to the transceiver hue %ihenever the control signal 
indicates condition 2) above. In a preferred implementation of 
this invention, if AddrValld and TmcvrRW are both low, there Is 
no bus activity and the transceivers should remain in an idle 
state. A controller sending a request packet will drive 
10 5 AddrValld high. Indicating to all devices on the transceiver bus 
I that a request packet is being sent which each transceiver should 
lii forward to Its prlaary bus unit. Bach controller seeking to 
write to a slave should drive both Addj^Valld and TmcvrRW high. 
Indicating valid data for a slave Is present on the data lines. 
15 H Each transceiver device will then transmit all data from the 
B transceiver bus lines to each primary bus unit. Any controller 
53 expecting to receive Information from a slave should also drive 
the TmcvrRW line high, but not drive AddrValld, thereby 
Indicating to each transceiver to transmit any data coming from 
20 any slave on Its primary local bus to the transceiver bus. A 
still more sophisticated transceiver would recognise signals 
addressed to or coming from Its primary bus unit and transmit 
signals only at requested times. 

An example of the physical mounting' of the transceivers 
25 Is shown In Figure 9. One Important feature of this physical 
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mxrangmnt is to integrate th« bus of sach transcsl»«r M irtth 
. tbm original bus of DRAMs or othsr davicss 15, 16. IT «tt ths 
^pri»axy bus unit 66. The transceivers 19 have pins on two sides, 
and are preferably mounted flat on the primary bus unit with a 
5 first set of pins connected to primary bus 18. A second set of 
transceiver pins 20, preferably orthogonal to the first set of 
pins, are oriented to allow the transceiver 19 to be attached to 
the transceiver bus 65 in much the same way as the DRAMs were 
attached to the primary bus unit. The transceiver bus can be 
10 !l generally planar and in a different plane, preferably orthogonal 
1 to the plane of each primary bus unit. The transceiver bus can 
i| also be generally circular with primary bus units mounted 
i perpendicular and tangential to the transceiver bus. 

using this two level scheme allows one to easily build 
15 S a system that contains over 500 slaves (16 buses of 32 DRAMs 
;3 each). Persons skilled in the art can modify the device ID 
U scheme described above to accommodate more than 256 devices, for 
example by using a longer device ID or by using additional 
registers to hold some of the device ID. This scheme can be 
20 extended in yet a third dimension to make a second-order 
transceiver bus, connecting multiple transceiver buses by 
aligning transceiver bus units parallel to and on top of each 
other and busing corresponding signal lines through a suitable 
transceiver. Using such a second-order transceiver bus, one 



High Performance Bus Interface -52- 



"■if 



eonld connect manj thontandi of •lav* devices Into lAat !• 
effectively * single bus. 



pavlce interface 

The device interface to the high-speed bus can be 
divided into three aain parts. The first part is the electrical 
Interface. This part Includes the input receivers, bus drivers 
and clock generation circuitry. The second part contains the 
address comparison circuitry and timing registers. This part 
taxes the input request packet and determines if the request is 
\ for this device, and if it is, starts the internal access and 
delivers the data to the pins at the correct time. The final 
part, specifically for memory devices such as DRMis, Is the DRAM 
column access path. This part needs to provide bandwidth into 
and out of the DRAM sense amps greater than the bandwidth 
provided by conventional DRAMs. The implementation of the 
electrical interface and DRAM column access path are described in 
more detail in the following sections. Persons skilled in the 
art recognise how to modify prior-art address comparison 
circuitry and prior-art register circuitry in order to practice 
the present invention. 

Electrical Interface - Input/Output Circuitry 

A block diagram of the preferred input/output .circuit 
for address/data/control lines is shown in Figure 10. This 
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elxcoitsy i» partlcnlariy w«ll-»iilt«d for 1» DRIM ^rt.o«t bat 
It eui tt»«d or sodlflod !>y on« skillod in tho nxtlKor m in 
otlMX d«Ticos coxmoctod to th« bus of this invsntion. "It 
consists of a set of input xeceivsrs 71, 72 end output driver 7S 
connected to input/output line 69 and pad 75 and circuitry to use 
the internal clock 73 and internal clock complement 74 to drive 
the input interface. The clocked input receivers take advantage 
of the synchronous nature of the bus. To further reduce the 
performance requirements for device input receivers, each device 
pin, and thus each bus line, is connected to two clocked 
receivers, one to sample the even cycle inputs, the other to 
sample the odd cycle inputs. By thus de-multiplexing the input 
70 at the pin, each clocked amplifier is given a full 2 ns cycle 
to amplify the bus low-voltage-swing signal into a full value 
CMOS logic signal. Persons skilled in the art vill recognise 
that additional clocked input receivers can be used within the 
teachings of this invention. Tor example, four input receivers 
could be connected to each device pin and clocked by a modified 
internal device clock to transfer sequential bits from the bus to 
internal device circuits, allowing still higher external bus 
speeds or still longer settling times to amplify the bus low- 
voltage-swing signal into a full value cacos logic signal. 

The output drivers are quite simple, and consist of a 
single SKOS pulldown transistor 76. This transistor Is sised so 
that under worst case conditions it can still sink the 50 «A 
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rmrdxmd by th« but. For 0.8 ■icron CMOS techaolojo^, tl» 
timMlitor Hill n—d to b« about 200 micron* long. Ovwrmll bus 
. lp«foi«mc« can be impxarBd by u»ing feedback t«dmiqae« to 

control output transistor curr«it so that the curr«it through the 
5 device is roughly 50 nA under all operating conditions, although 
this is not absolutely necessary for proper bus operation. An 
•xanple of one of many methods known to persons skilled in the 
art for using feedback techniques to control current is described 
in Hans Schumacher, et al., "CMOS Subnanosecond True-ECL Output 
10 q Buffer,- J. Solid State Circuits, vol. 25 (1), PP. 150-154 (Feb. 
Q 1990). Controlling this current improves performance and reduces 
Q power dissipation. This output driver which can be operated at 
I 500 HHs, can in turn be controlled by a suitable multiplexer with 
Q two or more (preferably four) inputs connected to other internal 
15 In chip circuitry, all of which can be designed according to well 

known prior art. 

The input receivers of every alave must be able to 
operate during every cycle to determine whether the signal on the 
bus is a valid request packet. This requirement leads to a 

20 number of constraints on the input circuitry. In addition to 

requiring small acquisition and resolution delays, the circuits 
must take little or no DC power, little AC power and inject very 
little current back into the input or reference lines. The 
standard clocked DRAM sense amp shown in Figure IX aatisfies all 

25 these requirements except the need for low input currents. When 
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this sansa aa^ goas from sansa to aas^la, tha capaeitinoa of tha 
^ istaxnal nodas 83 and 84 in Flguxall la dlschargad tiutongh tha 
^ xafaranca lina €8 and input 69, raapactivaly. «hia partienlar 
currant is mall, but the sua of auch currents from all the 
5 inputs into the reference lines suanned over all devices can be 
reasonably large. 

The fact that the sign of the current depends upon on 
the previous received data makes matters %*orse. One way to solve 
this problem is to divide the seonple period into two phases. 
10 3 During the first phase, the inputs are shorted to a buffered 
3 version of the reference level (which may have an offset), 
g During the second phase, the inputs are connected to the true 

inputs. This scheme does not remove the input current 
□ completely, since the input must still charge nodes 83 and 84 
15 In from the reference value to the current input value, but it does 
reduce the total charge required by about a factor of 10 
(requiring only a 0.25V change rather than a 2.5V change). 
Persons skilled in the art will recognise that many other methods 
can be used to provide a clocked amplifier that will operate on 

20 very low input currents. 

One Important part of the input/output circuitry 
generates an internal device clock based on early and late bus 
clocks. Controlling clock skew (the difference in clock timing 
between devices) is Important in a system running with 2 ns 

25 cycles, thus the internal device clock is generated so the input 
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soBplttT And th« ontpnt driver op«rAt« «s clos« In tSmm mm 
. ^^tsibl« to midway between the two bue clocks. V ^ 

^ A block diagram of the internal device clock generating 

circuit is shown in Figure 12 and the corresponding timing 
diagram in Figure 13. The basic idea behind this circuit is 
relatively sia5>le. X DC amplifier 102 is used to convert the 
small-swing bus clock into a full-swing CMOS signal. «iis signal 
is then fed into a variable delay line 103. The output of delay 
line 103 feeds three additional delay lines i 104 having a fixed 
;i delayj 105 having the same fixed delay plus a second variable 
:i delay; and 106 having the same fixed delay plus one half of the 
^ second variable delay. The outputs 107, 108 of the delay lines 
i S 104 and 105 drive clocked input receivers 101 and 111 connected 

to early and late bus clock inputs 100 and 110, respectively. 
M These input receivers 101 and 111 have the same design as the 
J receivers described above and shown in Fig. 11. Variable delay 
N lines 103 and 105 are adjusted via feedback lines 116, 115 so 
that input receivers 101 and 111 sample the bus clocks just as 
they transition. Delay lines 103 and 105 are adjusted so that 
the falling edge 120 of output 107 precedes the falling edge 121 
of the early bus clock, Clockl 53, by an amount of time 128 equal 
to the delay in input sampler 101. Delay line 108 is adjusted in 
the same vay so that falling edge 122 precedes the falling edge 
123 of late bus clock, Clock2 54, by the delay 128 in Input 
sampler 111. 
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Since th« outputs 107 and 108 are synchronised with the 
- two bos clocks end the output 73 of the last delay line 106 is 
"^aidway l>et%roen outputs 107 and 108, that is, output 73 follows 
output 107 by the same aaaount o£ time 129 that output 73 precedes 
output 108, output 73 provides an internal device clock «idway 
between the bus clocks. The falling edge 124 of internal device 
clock 73 precedes the time of actual input sampling 125 by one 
sampler delay. Hote that this circuit organization automatically 
balances the delay in substantially all device input receivers 71 
3 and 72 (Pig. 10), since outputs 107 and 108 are adjusted so the 
3 bus clocks are sautpled by input receivers 101 and 111 just as the 
Q bus clocks transition. 

lO In the preferred embodiment, two sets of these delay 

lines are used, one to generate the true value of the internal 
In device clock 73, and the other to generate the complement 74 
■=j without adding any inverter delay. The dual circuit allows 
generation of truly complementary clocks, with extremely small 
skew. The complement internal device clock is used to clock the 
'even' input receivers to sample at time 127, while the true 
internal device clock is used to clock the 'odd' input receivers 
to sas^le at time 125. The true and complement internal device 
clocks are also used to select which data is driven to the output 
drivers. The gate delay between the internal device clock and 
output circuits driving the bus is slightly greater than the 
corresponding delay for the input circuits, which means that the 
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nmw data almys will ba drivan on tha bus alightly mttmr tha old 
data haa baan aanplad. 



SRAM ColinBn Accasa Modification 
5 A block diagram of a conventional 4 HBit DRAM 130 ia 

ahown in Figure 15. The DRAM i&emory array ia divided into a 
nuxnber of aubarrays 150-157, for example, 8« Each aubarray ia 
divided into arrays 148, 149 of memory cells. Rov address 
selection is performed by decoders 146. A column decoder 147A, 

10 5 147B, including column sense amps on either side of the decoder, 
runs through the core of each subarray« These column sense amps^ 
can be set to precharge or latch the most-recently stored value, 
as described in detail above. Internal I/O linea connect jutch 
set of sense-amps, as gated by corresponding column decoders, to 

15 i input and output circuitry connected ultimately to the device 
J pins« These internal I/O lines are used to drive the data from 
the selected bit lines to the data pins (some of pins 131<»145}, 
or to take the data from the pins and write the selected bit 
lines* Such a column access path organised by prior art 

20 constraints does not have sufficient bandwidth to interface with 
a high speed bus. The method of this invention does not require 
changing the overall method used for column access, but does 
change implementation details* Many of these details have been 
implemented selectively in certain fast memory devices, Jbut never 

25 in conjunction with rhe bus architecture of this invention. 
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Running the internal I/O lines In the eowrKitional way 
*^«t high baa cycle rates la not possible. In the prefezzed 
^■ethod, several (preferably 4) bytes are read or «rltt« during 
each cycle and the column access path Is modified to run at a 
lower rate (the Inverse of the number of bytes accessed per 
cycle, preferably 1/4 of the bus cycle rate). Three different 
techniques are used to provide the additional internal I/O lines 
required and to supply data to memory cells at this rate. First, 
the number of I/O bit lines in each subarray running through the 
3 column decoder 147 is increased, for example, to 16, eight for 
•3 each of the two columns of column sense amps and the column 
5 decoder selects one set of columns from the "top" half 148 of 
lu subarray 150 and one set of columns from the -bottom- half 149 
during each cycle, where the column decoder selects one column 
15 Pn sense amp per I/O bit line. Second, each column I/O line is 
divided into two halves, carrying data independently over 
^3 separate internal I/O lines from the left half 147A and right 
half 147B of each subarray (dividing each subarray into 
quadrants) and the column decoder selects sense aa^s from each 
right and left half of the subarray, doubling the number of bits 
available at each cycle. Thus each column decode selection turns 
on a column sense amps, where Ji equals four (top left and right, 
bottom left and right quadrants) times the number o£ 1/0 lines in 
the bus to each subarray quadrant (B lines each x 4-32 lines in 
25 the preferred Implementation). Finally, during each BAS cycle. 



20 



High Performance Bus Interface -60- 



two dif£«rMit •ubarrayi, ©.g. 157 and 153, axm accM«#d. fSiis 
dooblM again tha available nvnber of I/O linas containing data. 
'^ Takan togathar, thasa changes increaae the internal Z/0 bandwidth 
by at least a factor of 8. Four internal buses are used to route 
5 these internal Z/0 lines. Increasing the nuxober of I/O lines and 
then splitting then in the middle greatly reduces the capacitance 
of each internal I/O line which in turn reduces the colurni access 
tine, increasing the column access bandwidth even further. 

The multiple, gated input receivers described above 
10 ;^ allow high speed input from the device pins onto the internal I/O 
5 lines and ultimately into memory. The multiplexed output driver 

described above is used to keep up trith the data flow available 
B using these techniques. Control means are provided to select 
%Aether information at the device pins should be treated as an 
15 M address, and therefore to be decoded, or input or output data to 
J be driven onto or read from the internal I/O lines, 
n Bach subarray can access 32 bits per cycle, 16 bits 

from the left subarray and 16 from the right subarray. With 8 
I/O lines per sense-amplifier column and accessing two subarrays 
20 at a time, the DRAM can provide 64 bits per cycle. This extra 

I/O bandwidth is not needed for reads (and is probably not used) , 
but may be needed for writes. Availability of write bandwidth is 
a more difficult problem than read bandwidth because over-writing 
a value in a sense-amplifier may l>e a slow operation, depending 
25 on how the sense amplifier is connected to the bit line. The 
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«ztra »mt of internal 2/0 llnai provldos soma bandwidth aaxgln 
for welt© operation*. 
C Persons slcilled in the art vill recognise that aany 

variations of the teachings of this invention can be practiced 
5 that still fall within the claisis of this invention which follow. 



High Performance Bus Interface -62- 



ttiat is claljMd Lmt 
^ !• A semory subsystem cosrprising 

two semoary devices connected in parallel to e bus, 
said bus including a plurality of bus lines for 
carrying substantially all address, data and control in- 
formation needed by said memory devices, 

said control information including device-select 
information, 

said bus containing substantially fewer bus lines th a n 
10 3 the number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual memory devices. 

15 2. The memory subsystem of claim 1 v^erein said bus 

' contains at least 8 bus lines adapted to carry at least 16 
address bits and at least 8 data bits* 

3* The memory subsystem of claim 1 wherein said bus also 
20 includes parallel lines for clock emd power* 

4« A system comprising 

a memory subsystem of claim 1 wherein each bus of said 
skemory siibsystem is connected to its own transceiver device. 
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20 



A transceiver bus connecting said traneeeiw deylcee. 



e Beans for transferring information between •ach of 
•aid buses of said sieaory subsystems and said transceiver 
bus, idiereby memory subsystems may be integrated into a 
larger system having more memory than an individual memory 
subsystem. 

5. The system of claim 4 having a plurality of memory 
subsystems. 

6. The system of claim 4 further comprising a master 
device connected to said transceiver bus. 

7. The system of claim 6 wherein said master device is 
selected from the group consisting of a central processing unit, 
a floating point unit and a direct memory access unit. 

8. The system of claim 4 further comprising a peripheral 
device connected to the transceiver bus, said peripheral device 
adapted for connection to other devices not on the bus. 



9, The system of claim 8 wherein said peripheral device is 
selected from the group consisting of an I/O interface port, a 
25 video controller and a disk controller. 
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10 • Sh« «yst«m of clalA 5 wherein eaid tranecelTer bat Is 
in a different plane them the plane of the bus of #ach of said 
aemory subsystems* 

5 

11. The system of claim 5 wherein the bus of each memory 
subsystem lies stibstantially in a subsystem bus plane and said 
transceiver bus lies substantially in a plane orthogonal to said 
subsystem bus plane* 

10 3 

12. The system of claim 4 having at least two transceiver 
buses, each transceiver bus having a plurality of memory 

pj subsystem buses connected through a first transceiver to said 
transceiver bus, 

15 % each of said taransceiver buses being f\irther connected to a 

^ second transceiver adapted to interface to a second-order 
3 transceiver bus, whereby each transceiver bus is connected 

through said second transceiver to form a second-order 

transceiver bus unit* 

20 

13* A semiconductor stibsystem bus for interconnecting 
semiconductor devices comprising 

a plurality of semiconductor devices connected In 
parallel to a bus, at least one of said semiconductor 
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d«Tie«s being a ■wtoty device or « transceiver ,a^oe which 
In turn ie connected to a »enory subsystem. 



said bus including a plurality of bus linM for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control information including semiconductor 
device-select information, 

said bus containing substantially fewer bus lines than 
the number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual semiconductor devices, end 

at least one modifiable register in each of the semi- 
conductor devices on said bus, said modifiable registers 
being accessible from said bus, vhereby the subsystem can be 
configured using signals transmitted on said bus. 

14. The semiconductor subsystem bus of claim 13 vhereln one 
type of modifiable register is an access-time register designed 
to store a time delay after which a device may take some 
specified action on said bus. 

15. The semiconductor subsystem bus of claim IS further 
comprising a semiconductor device having at least two access-time 
registers and 
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oom of said acc«B8-tlne r^gltters is pexnanMUj prograamed 
to rftntftfrr a fixed valua and at laast ona of said *ooass-tiaa 
^ Mgistars can be aodifiad by information carried on »aid bas. 

16. The semiconductor subsystem bus of claim 13 further 
can5>rl8lng a memory device having at least one discrete memory 
section and also having a modifiable address register adapted to 
store memory address information which corresponds to each said 
discrete memory section. 

t 17. The semiconductor subsystem bus of claim 16 idierein 

said memory address information comprises a pointer to said dis- 
crete memory section. 

18. The semiconductor subsystem bus of claim 16 wherein 
:3 said discrete memory section has a top and a bottom and said 

memory address information comprises pointers to said top and 
said bottom. 

19. The semiconductor subsyston bus of claim 16 wherein 
said memory address information comprises 

a pointer to said discrete memory section and 

a range value indicating the sise of said discrete 

memory section* 
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20* Thtt samlconductor subsystem bus of clala t€ ifh«:eln 
said address registers o£ each of said discrete Beaory sections 
of eadi of said nemozy devices connected to said bus are set to 

contain memory address information that is different for each 
discrete memory section and such that the highest memory address 
in each discrete memory section is one less than the lowest 
memory address in another discrete memory section, 

whereby memory may be organised into one or a small number 
of contiguous memory blocks • 

21. The semiconductor stibsystem bus of claim 16 further 
comprising a means for testing each of said discrete memory sec- 
tions of each of said memory devices for proper function, and 

for each non-functional discrete memory section, a 
means for setting at least one address register which 
corresponds to said discrete memory section to indicate that 
said discrete memory section is non-functibxial, 

for each functional discrete memory section, a means 
for setting at least one address register which corresponds 
to said discrete memory section to contain such 
corresponding address information* 

22. The semiconductor subsystem bus of claim 21 wherein 
said address registers corresponding to said discrete memory 
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••ctions Ar« m%t to provide on« contiguous msmoxf hlodk within 
,„ -i ttm subsystcB. 

23. The sexniconductor subsystem bus of claim 13 wherein one 
5 of said modifiable registers is a device identification register 

vhich can be modified to contain a value unique to that 
semiconductor device. 

24. The semiconductor subsystem bus of claim 23 herein 
10 3 said device identification register is set to contain a unique 

3 value %diich is a function of the physical position of that 
,a semiconductor device either along said bus or in relationship to 
other semiconductor devices or said bus. 

15 i n 25. A bus subsystem comprising 

1^; two semiconductor devices connected in parallel to a 

bus, wherein one of said semiconductor devices is a master 
device, 

said master device including a means for initiating bus 
20 transactions, 

said bus including a plurality of bus lines for 
carrying substantially all address, data emd control 
information needed by said devices, 

said control information including device-select 
25 information. 
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said boB containing substantially f sifsr UfiM . than the 
maibar of bits in a single addrsss, and 

said bus carxying dsvica-sslsct infoxnation ifithont tha 
naed for separata device-select lines connected directly to 
individnal deyices on said bae, whereby said Batter device 
initiates bus transactions which transfer infoxsiation 
between said semiconductor devices on said bus. 

26. The bus subsystem of claim 25 wherein one of said 

10 u semiconductor devices is a memory device connected to said bus, 
= said memory device having at least one discrete memory section 
iO and also having a modifiable address register adapted to store 
m Jtemory address infoxnation which corresponds to each said 
discrete memory section. 

15 |;: 

27. The bus subsystem of claim 26 wherein one of said 

:i semiconductor devices comprises a transceiver device connected in 
parallel to said bus and connected in parallel to a memory device 
on a bus other than said bus. 

20 

28. The bus subsystem of claim 26 further including a meems 
for said master device to request said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and said master device each having a device- 

25 internal means to prepare to begin said bus transaction during a 
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device-internal phase and further having a bus access means to 
effect said bus transaction during a bus access phase, said 
request packet including 

a sequence of bytes containing address and control 
5 information, 

said control information including information eibout 
the requested bus transaction and about the access time, 
vhich corresponds to a number of bus cycles, ^ich needs to 
intervene before beginning said bus-access phase, and 
10 :j said address information pointing to at least one 

: memory location within one of said discrete memory sections 

of said memory device. 



; 29. The bus subsystem of claim 28 wherein said memory 

15 1-^ device includes a means to read said control information and 
g initiate said device-internal means at a time so as to complete 
Q said device-internal phase within said access time and begin said 
bus access phase after said number of bus cycles. 

20 30. The bus siibsystem of claim 28 wherein said control 

information comprises an op code. 

31. The bus subsystem of claim 30 wherein said memory 
device includes sense amplifiers adapted to hold a bit of 
25 information or to precharge after a selected time and a means to 
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transfer a data block during a data block transfer either reading 
data from said memory device or writing data Into said memory 
device, and 

idiereln said op code Instructs said memory device to 
5 activate a response means ^ said response meams Including a means 
to 

Initiate a data block transfer, 
select the size of said data block, 
select the time to Initiate said data block transfer, 
10 i;;] access a control register. Including reading from or 

S writing to said control register, 

precharge said sense amplifiers after each of said data 
block transfers Is complete, 

hold a bit of information in each of said sense 
15 ^-^ amplifiers after each of said data block transfers is 

complete, or 

select normal or page-mode access. 



32* The bus subsystem of claim 31 wherein said data block 
20 transfer comprises a read from or a write to memory within a 
single memory device* 

33* She bus stibsystem of claim 28 further comprising a 
means for said master device to send control Information to a 
25 specific one of said semiconductor devices on said bus by 
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including in said irequest packet a device identification number 
unique to said, semiconductor device. 

34. The buB subsystem of claim 28 further comprising a 
5 means for said master device to send control information to a 

selected one of said discrete memory portions by including in 
said request packet a specific memory address. 

35. The bus sxibsystem of claim 28 further comprising a 
10 % means for said master device to send control information to 

substantially all semiconductor devices on said bus by including 
]:| in said request packet a special device identification number 
% vhich is recognized by said semiconductor devices. 

15 i ^ 36. The bus subsystem of claim 28 wherein said control 

g information specifies directly or indirectly the number of bus 
i cycles for said master device and said memory device to wait 
before beginning said bus access phase. 

20 37. The bus subsystem of claim 36 wherein, for a data block 

transfer, said master device and said memory device use the same 
access time and same data block size regardless of whether said 
data block transfer is a read or write operation. 
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38. The bus subsystem of claim 28 wherein said control 
information fmrther includes a block-site value that encodes and 
specifies the size of the block of data to be transferred, 

5 39. The bus subsystem of claim 38 wherein said block-size 

value is encoded as a linear value for relatively small block 
sizes values and is encoded as a logarithmic value for relatively 
larger block sizes. 

10 i 40. The bus subsystem of claim 38 wherein said block-size 

;3 value is encoded using four bits, and where the encoded value is 



15 



20 



25 



30 



Rnrnded Value Blork pize (Bytes) 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 16 

10 32 

11 64 

12 128 

13 256 

14 512 

15 1024 



41. The bus subsystem of claim 26 wherein said memory 
device is a DRAM device containing 
35 a plurality of sense amplifiers. 
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a means to hold said sense amplifiers in an unmodified 
state after a read or %w:ite operation, leaving the device in 
page mode, 

a means to precharge said sense amplifiers and 
5 a means for selecting whether to precharge said sense 

amplifiers or to hold said sense amplifiers in an unmodified 
state. 

42. The bus subsystem of claim 28 wherein said request 
10 a packet comprises an even nximber of bytes. 

43. The bus subsystem of claim 28 further including a laeans 
::S for generating and controlling a plurality of bus cycles, during 
L which said bus carries said address, data and control 

15 information, and wherein alternate said bus cycles are designated 
J odd cycles and even cycles, respectively, and wherein said 
;:] request packet begins only on an even cycle. 



44. The bus subsystem of claim 28 further including a means 
20 for generating ECC information corresponding to a block of data 
and a means for using said ECC information to correct errors in 
storing or reading said block of data, wherein said ECC 
information may be stored separately from said block of data. 
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45. The bus Bubsyatem of claim 44 further con5»ri»ing at 
least two of said aeaory devices urtierein said ECC Infomation and 
said corresponding block of data are stored in a first and a 
second said memory device, respectively, and said master device 
includes a means to write or read said block of data with error 
correction by sending separate ones of said request packets for 
said ECC information and for said corresponding block of data. 

46. A bus subsystem comprising 

a memory device and a master device connected in 
parallel on a bus, 

a means for said master device to send a request 

packet and initiate a bus transaction and 

a means for said master device to keep track of 

current and pending bus tremsactions, 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said memory devices, 

said bus containing substantially fewer lines than the 
number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which transfer information 
between devices on said bus and collisions on «aid bus are 
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avoided because said master device avoids initiating bus 
transactions \Aich would conflict with current or pending 
bos transactions. 



5 47. The bus subsystem of claim 46 having at least two of 

said master devices and including 

a collision detecting means whereby a first said master 
device sending a first said request packet can detect a 
second said master device sending one of said colliding 
10 -3 request packets, where one of said said colliding request 

packet may be sent simultaneous with the initial sending of 
or overlapping the sending of said first request packet, and 

an arbitration means whereby said first and said second 
15 I ]: master devices select a priority order in ^ich each of said 

master devices will be allowed to access said bus 
sequentially. 

48. The bus subsystem of claim 47 \dierein each of said 
20 master devices has a master ID number and each of said request 
packets includes a master ID position which is a predetermined 
number of bits in a predetermined position in said request 
packet, and wherein said collision detection means comprises 

a means included in each master device for sending a 
25 request packet including said master ID nximber of said 
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■aster device in said master ID position of »aid request 
packet and 

a means to detect a collision and invoke said 
arbitration means if any master device detects any other 
master ID niimber in said master ID position. 

49. The bus sxibsystem of claim 47 wherein each of said 
master devices includes 

a meems for sending a request packet, 

a means for driving a selected bus line or lines during 
at least one selected bus cycle while said request packet is 
being sent, 

a means for monitoring said selected bus line or lines 
to see if a said master device is sending a colliding 
request packet and 

a means for informing all other master devices that a 
collision has occurred and for invoking said arbitration 
means. 

50. The bus subsystem of claim 47 herein each of said 
master devices includes 

a means, when sending a request packet, to drive a 
selected bus line or lines with a certain current during at 
least one selected bus cycle. 
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a Boans for aonitorlng said selected bus line or lines 
for a greater than normal current to see if another snaster 
device is driving that line or lines, 

a means for detecting said greater than normal current, 

and 

a means for informing all said master devices that a 
collision has occurred and for invoking said arbitration 
means . 

51. The bus subsystem of claim 47 wherein said arbitration 
means comprises 

a means for initiating an arbitration cycle, 

a means for allocating a single bus line to each master 
device during at least one selected bus cycle relative to 
the start of said arbitration cycle, 

a meems for allocating each master device to a single 
bus line during one of said selected bus cycles if there are 
more master devices than available bus lines, 

a means for each of said master devices \diich sent a 
colliding request packet to drive said bus line allocated to 
said master device during said selected bus cycle, and 

a means in at least one of said master devices for 
storing information about which master devices sent a 
colliding request packet. 
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vhereby said naster devices can monitor selected bus 
lines during said arbitration cycle and identify each said 
master device ^^ch sent a colliding request packet. 

5 52* The bus subsystem of claim 47 wherein said arbitration 

means comprises 

a means included in a first one of said master devices 
^ich sent colliding request packets for identifying each of 
said master devices ^ich sent colliding request packets, 
10 n a means for assigning a priority to each said master 

device which sent a colliding request packet, and 

a means for allowing each said master device which sent 
a colliding request packet to access the bus sequentially 
according to that priority* 

15 u 

iy 53. The bus subsystem of claim 52 wherein said priority is 

based on the physical location of each of said master devices. 

54. The bus siibsystem of claim 52 wherein said priority is 
20 based on said master ID number of said master devices. 

55. The bus subsystem of claim 52 wherein each of said 
master devices includes a means, \^en sending a colliding request 
packet, for deciding which master device can send the next 

25 request packet in what order or at what time, whereby no" master 
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device joay send a new reqaest packet until responses to each 
pending request packet have been completed or scheduled. 

56. A bus subsystem comprising 

a plurality of semiconductor devices connected in 
parallel to a bus, 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control information including device-select 
information, 

said bus containing substantially fewer lines theui the 
number of bits in a single address, 

said bus carrying said device-select information with- 
out the need for separate device-select lines coimected 
directly to individual semiconductor devices, 

said semiconductor devices Including a reset means 
having an input and an output, the output of the reset means 
of one semiconductor device being connected to the input of 
the reset means of the next semiconductor device in series. 



57. The bus subsystem of claim 56 further including system 
reset means comprising 

a means for generating a first and a second reset 
25 signal, * 
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a seans for passing said first reset signal to a first 
of said sfffnl conductor devices and then to subsagaent ones of 
said semiconductor devices In series and 

a means for passing a second reset signal to said first 
5 semiconductor device and then to said subsequent 

semiconductor devices In series, 
said bus subsystem Including one of said semiconductor devices 
containing 

a device Identification register adapted to contain a 
10 number unique to said semiconductor device within said bus 

Q subsystem/ 

a device Identification register setting means, and 
J a device reset means for resetting said semiconductor 

device to some desired, known reset state In response to 
15 □ said first reset signal and for setting said device 

Identification register In response to said second reset 
2 signal, 

%diereby said bus subsystem can be reset to a known 
reset state with a unique device identification value In 
20 said device Identification register of each of said 

semiconductor devices* 

58. The bus subsystem of claim 57 wherein said desired, 
known reset state is where all registers in the semiconductor 
25 device are cleared and the state machines are reset* ~ * 
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59. The bus subsystem of claim 57 %»hereln said device 
Identification register setting means comprises 

a means for detecting said second reset signal, 
a means for reading a device Identification number from 
said bus lines at a specific time relative to said second 

reset signal and 

a means for storing said device Identification number 
in said device identification register of said semiconductor 
device. 

60. The bus subsystem of claim 57 wherein said second reset 
signal comprises multiple pulse sequences and idierein said device 
identification setting means includes 

a means for interpreting said pulse sequences as a 
device identification n\imber and 

a means for storing said device identification number 
in said device identification register of said semiconductor 
device . 

61. The bus subsystem of claim 57 vhereln said device reset 
means comprises an a-stage shift register capable of storing ji- 
blt values, wherein said device reset means interprets a specific 
value in said shift register as said first reset signal and 
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Interprets a specific value in said shift register as said second 
reset signal* 

62. The bus subsystem of claim 57 wherein one of said 
5 semiconductor devices is a master device, said master device 

including a means for generating said first and said second reset 
signals • 




63. The bus subsystem of claim 57 wherein one of said 
10 semiconductor devices is a master device, said master device 

; including 

3 a master ID register, 

a means for assigning a master ID number to said master 
device amd 

15 Q a means for storing said master ID number in said 

master ID register. 

64. The bus subsystem of claim 63 further comprising a 
second one of said master devices, emd a means for a first one of 

20 said master devices to assign a master ID number to substantially 
all other said master devices, vrtiereby said first master device 
assigns one of said master ID numbers to each of said master 
devices on said bus subsystem and each said master device stores 
said assigned master ID number in said master ID register. 

25 
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65. The bus subsystea of claim 57 %dierein one of said 
semiconductor devices Includes a device-type register adapted to 
contain an identifier characteristic of that type of 
semiconductor device, and one or more modifiable registers, at 

5 least one of vhich is an access-time register adapted for storing 
access times. 

66. The bus subsystem of claim 65 wherein one of said 
semiconductor devices is a master device having 

10 a means for selecting a semiconductor device, 

'■i a means for reading said device-type register of said 

selected semiconductor device, 

a means for determining the device type of said 
selected semiconductor device, 
15 % a means for determining access-time values appropriate 

for said selected semiconductor device and for storing said 
access-time values in said access-time registers of said 

selected semiconductor device, and 

a means for selecting and storing other values 
20 appropriate for said selected semiconductor device in 

corresponding registers of said selected semiconductor 
device, 

vhereby said master device can select a semiconductor 
device, determine what type it is, and set said access-time 
25 and other registers to contain appropriate values. . 
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67. The bus «ub8y8tem of clala 66 further eoa^riiing a 
laemory device having at least one discrete memory section and at 
least one modifiable address register adapted to store memory 
address information which corresponds to each of said discrete 

memory sections « and 

said master device further comprising a means for selecting 
and testing each of said discrete memory sections and a means for 
storing address information in said address registers 
corresponding to each of said discrete memory sections, vhereby 
said master device can test all said discrete memory sections and 
assign unique address values thereto. 

68. A bus subsystem comprising 

two semiconductor devices connected in parallel to a 
bus, one of said semiconductor devices being a master 
device, 

said bus including a plurality of bus data lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control information including device-select 
information, 

said bus containing substantially fewer of said bus 
data lines than the number of bits in a single address, and 
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•aid btL8 carrying device^select information without the 
need for separate device-select lines connected directly to 
individual semiconductor devices, 

wherein all of said bus data lines are terminated 
transmission lines and all of said address, data and control 
information is carried on said bus data lines as a 
sequential series of bits in the form of low-voltage-swing 
signals. 

69. The bus subsystem of claim 68 further comprising a 
semiconductor device including a current-mode driver connected to 
drive one of said bus data lines • 

70. The bus subsystem of claim 69 further comprising a 
semiconductor device having a means to measure the voltage of 
said low-voltage-swing signals on a selected one of said bus data 
lines, %diereby said semiconductor device can determine whether 
tero, one, or more than one of said current-mode drivers are 
driving said selected bus data line. 

71. The bus subsystem of claim 70 further comprising a 
semiconductor device having 

a plurality of input receivers connected to one of said 
bus data lines, and 
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a »ol«ction moans for «electtng said input receivere 
one by one to sense and store, one at a tljne, the bit* of 
•aid sequential series of bits. 



72. The bus subsystem of claim 70 further comprising a 
semiconductor device having two input receivers connected to one 
of said bus data lines. 

73, A bus subsystem comprising 

two semiconductor devices connected in parallel to a 
bus having a first and a second end, said bus including a 
bus clock line, said bus clock line having first and second 
ends corresponding to said first and second ends of said 
bus, respectively, 

a clock generator connected to said first end of said 
bus clock line to generate early bus clock signals with a 
normal rise time, and 

signal return means at said second end of said bus 
clock line to return said early bus clock signals to said 
first end of said bus as corresponding late bus clock 
signals, 

whereby each of said early bus clock signals will 
propagate from said clock generator along said clock line 
starting" from said first end to said second end of said bus 
and then return at a later time to said first end of said 
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bus as a corresponding late bus clock signal, Aihereby each 
semiconductor device on said bus can detect said aarly bus 
clock signals and said corresponding late bus clock signals. 

74. The bus subsystem of claim 73 further con5)rising a 
first and a second said bus clock line having first and second 
ends at said first and said second ends of said bus, 
respectively, herein said signal return means directly connects 
said second ends of said first and said second bus clock lines 
whereby each of said early bus clock signals will propagate from 
3 said clock generator at said first end of said bus along said 
i first bus clock line to said second end of said bus and then 
S return on said second bus clock line to said first end of said 
fibus as one of said corresponding late bus clock signals. 

75. The bus subsystem of claim 73 wherein said signal 
I return means comprises said first bus clock line without a line 
3 terminator at said second end thereof whereby each of said early 
bus clock signals reaching said second end of said first bus 
clock line will be reflected back along said first bus clock line 
as said corresponding late bus clock signals. 
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76. The bus subsystem of claim 73 further con^rising 

a means for operating said bus in bus cycles timed to 
have a certain bus cycle frequency and a corresponding bus 
cycle period and 
5 a means for operating said clock generator with a 

period of twice the bus cycle period. 

77. The bus subsystem of claim 76 vrtxerein said bus cycle 
frequency is greater than approximately 50 MHz and less than or 

10 ilj equal to approximately 500 MHz. 

78. The bus subsystem of claim 73 further including a 

;;J semiconductor device having an internal device clock generating 
™ means to derive the midpoint time between said early and 
15 1 3 corresponding late bus clock signals and to generate an internal 
riJ device clock synchronized to said midpoint time. 

79. The bus subsystem of claim 73 further including a 
semiconductor device having a low-skew clock generator circuit 

20 con^rising 

a first delay line having an input, an output and a 
basic delay and means for synchronizing the output of said 
first delay line with said early bus clock signal, 

a second delay line having said basic delay plus a 
25 variable delay, said second delay line having an output and 

? " 

4 
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a «ean8 for •ynchronl«ing the outpnt of said second delay 
line with said late bus clock signal, and 

a third delay line having a third delay and a neans to 
set said third delay midway between the delays of said first 
and second delay lines, said third delay line having an 
output which provides an internal device clock signal 
synchronized to a time halfway between said early and said 
late bus clock signals. 

80. The bus subsystem of claim 7^ wherein said early and 
said late bus clock signals are low-voltage-swing signals that 
transition cyclically between low and high logical values, and 
further including a semiconductor device having a low-skew clock 

generator circuit comprising 

a DC amplifier to convert said early and said late bus 
clock signals into full-swing logic signals, 

a first variable delay line having a first variable 
delay and an input and an output, the input of said first 
variable delay line being connected to said DC amplifier 

a first, a second and a third additional delay line, 
each having an input and an output, the input of each of 
said additional delay lines being connected to the output of 

said first delay line, 

said first additional delay line having a fixed 

delay. 
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said second additional delay line having said 
fixed delay plus a second variable delay, and 

said third additional delay line having said fixed 
delay plus one half of said second variable delay, 
a first clocked input receiver connected to sample said 
early bus clock signal and gated by said output of said 
first additional delay line, 

a means for adjusting said first variable delay so said 
first clocked input receiver samples said early bus clock 
signal just as said early bus clock signal transitions, 

a second clocked input receiver connected to sample 
said late bus clock signal and gated by said output of said 
second additional delay line, 

• a means for adjusting said second variable delay so 
said second clocked input receiver samples said late bus 
clock signal just as said late bus clock signal transitions, 
whereby said output of said third additional delay line 
is synchronized to a time halfvay between said outputs of 
said first and said second additional delay lines, and said 
output of said third additional delay line provides an 
internal device clock signal. 

81. The bus subsystem of claim 80 further comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits which generates a "true" internal device clock 
signal and 

a second one of said low-skew clock generator 
circuits connected to generate a "complement" internal 
device clock signal synchronized with but opposite in 
logical value to said "true" internal device clock 
signal. 

82. A DRAM device designed to be connected to an external 
bus having a plurality of bus lines for carrying substantially 
all address, data and control information needed by said DRAM 
device as a sequential series of bits, said control information 
including device-select information, said external bus containing 
substantially fewer said bus lines than the number of bits in a 
single address, and said bus carrying device-select information 
without the need for separate device-select lines connected 
directly to said DRAM device, said DRAM device comprising 

an array of memory cells connected in rows and columns, 
each of said memory cells adapted to store one of said bits, 

a row address. selection means for selecting one of said 



rows 



a column sense amp connected to each of said columns, 
each of said column sense amps adapted to latch one of said 
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bits as a binary logical value or to precharge to a selected 
state, 

a column decoding means connected to each of aaid 
column sense amps for selecting a plurality of said column 
sense amps for inputting one of said bits to or outputting 
one of said bits from said memory cells, 

an internal I/O bus having a plurality of internal I/O 
lines vherein each of said internal I/O lines is connected 
to a plurality of said column sense amps, and 

a plurality of bus connection, means designed to connect 
said internal I/O lines to said external bus, 

whereby a selected bit of said sequential series of 
bits can be transferred from said external bus to a selected 
one of said memory cells or said bit contained in a selected 
one of said memory cells can be transferred to said external 
bus . 

83. The DRAM device of claim 82 further comprising 

an output driver connected to one said bus connection 



loeans 



an output multiplexer having an output connected to 
said output driver and a plurality of inputs, each of said 
inputs being connected to one of said internal I/O lines. 



and 
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a control means to select vhether said output driver 
can drive said external bus, 

vhereby a plurality of memory cells are selected using 
said row address selection means and said column decoding 
means and a plurality of bits contained in said plurality of 
memory cells are output through said column sense amps to 
said internal I/O bus to said output multiplexer to said 
output driver to said external bus. 

84. The DRAM device of claim 82 further comprising 

a plurality of input receivers connected to one of said 
bus data lines and to said internal I/O bus, 

a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits, and 

a control means to select whether an input receiver can 
drive said internal I/O bus, whereby a bit of said 
sequential series of bits is input from said external bus 
through one of said input receivers to one of said internal 
I/O lines to one of said column sense amps to one of said 
memory cells. 
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85. The DRAM device of claim 82 further coa^jriBing 

a first and a ••cond half-array of aaid nemory cells 
iiherein each said row of said array of said memory cells is 
subdivided into two parts, 

a first and a second one of said internal I/O buses 
connected to said column sense amps in said first and said 
second half -arrays, respectively, and 

a column decoder means to gate selected ones of said 
column sense amps connected to said memory cells in a 
selected row of said first and said second half -arrays 
simultaneously. _ 

86. The DRAM device of claim 85 wherein said column decoder 
means selects sixteen column sense amps at a time. — 

87. The DRAM device of claim 82 wherein said external bus 
operates at a certain speed and wherein said DRAM device includes 
four of said internal I/O buses, each of which operates at one- 
fourth the speed of said external bus. 

88. The DRAM device of claim 82 further comprising 

a means for precharging one of said column sense amps 
to a precharged state from which a binary logical value can 
quickly be loaded into said column sense amp, 
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If said column .en.e contains a binaiy loslcal 
„ln., . «.». for latching the logical value c»««.tl, 
contained in Bald colunn .ense tmp and 

a »ean. for instructing .aid DR»H device to precharge 
.aid colum .ense .»P or latch .aid binary logical value in 
said column sense amp. 

89. The DKAH device of claim 88 further ccmpri.ing a »e«« 
for instructing .aid device to precharge .aid column .en.e 

„a,^ without further instruction whenever said row address 
J .election means .elect, a different one of .aid ro»s. 

i 90. The DRAH device of claim 88 further ccnprising a means 

™ for instructing said device to precharge .aid column .en.e 

a amp Without further instruction at a first or a second 
Fi preselected time after latching the latest said binary logical 
3 value, said first preselected time being long «.ough for said 
° to latch .aid binary logical value into .aid column .en.e 

and transfer said binary logical value into memory or onto 
one Of .aid internal 1/0 lines, and said second preselected time 
^i„, a variable which can be stored in .aid device whereby 

.aid ^ c«, latch a binary logical value into .aid column .en.e 
amp for transferring said binary logical value into or out of a 
.elected ..id memory cell, then precharge to allow a faster 
> subsequent read or write. 
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91. A padcage containing 

a aemiconductor die having a aide, circuitry and a 
plurality of connecting areas positioned along or near aald 
•Ide, spaced at a selected pitch and connected to aald 
circuitry, 

said package comprising a plurality of bus connecting 
means for connecting to a plurality of external bus lines, 
each of said external bus lines corresponding to one of said 
connecting areas, each of said bus connecting means being 
positioned on a first side of said package, 
connected to one said external bus line and to 
said corresponding connecting area on said 
semiconductor die, and 

spaced at a pitch substantially identical to said 
selected pitch of said connecting areas, 
vhereby each of said external bus lines can be 
connected to said corresponding connecting area on said 
semiconductor die by bus connection means positioned along a 
single side of said package. 

92. The package of claim 91 further comprising a plurality 
of said bus connecting means wherein each of said bus connecting 

means includes 

a pin adapted-for connection to one of said external 

bus lines and 
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a wire connecting said pin to one of said connecting 
areas on said semiconductor die, 

said wire having an effective lead length less than about 4 
ttilliiBeters and wherein the effective lead length of said wire of 
5 each of said bus connection means for said package is 
approximately equal* 

93. A plurality of packages of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 

10 packages being generally flat, having a top and a bottom, and 
1 5 wherein 

said packages are physically secured adjacent and parallel 
;S;to each other in a stack, 

where a first one of said packages is adjacent to a second 
15 ;^ one of said packages in said stack, said top of said first 

i^^ package is substantially aligned with said bottom of said second 
J package, «md 

Q said bus connecting means of each of said packages are 

substantially aligned and are lying substantially in a plane, 

20 

94. The plurality of packages of claim 93 further 
comprising a plurality of stacks wherein each of said bus con«- 
necting means can be electrically connected to corresponding said 
bus connecting meems in each of said stacks. 

25 
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95. A semiconductor device capable of use in a semi- 
conductor bus architecture Including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus Includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate devlce- 
select line connected directly to said individual semiconductor 
= device, said semiconductor device comprising 

ry connection means adapted to connect said semiconductor 

device to said bus, and . 
7 at least one modifiable identification register 

u accessible to said bus through said connection means, 

whereby data may be transmitted to said register via said 

bus and enable said device thereafter to be uniquely 

identified. 

96. The semiconductor device of claim 95 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 
bus. 
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97. A semiconductor device capable of use in a semi^- . 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
5 a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the nxzmber of bits in a single 
10 address, and carries device-select information for said 

i :! semiconductor device without the need for a separate device- 
^ select- line connected directly to said individual semiconductor 
ru device, said semiconductor device comprising 

•y connection means adapted to connect said semiconductor 

15 i: device to said bus, and 

at least one modifiable register to hold device address 
information, said modifiable register accessible to 
said bus through said connection means, whereby data 
may be transmitted to said register via said bus >diich 

20 enables said device thereafter to respond to a 

predetermined range of addresses* 

98* The semiconductor device of claim 97 wherein said 
semiconductor device is a memory device which connects 
25 substantially only to said bus and sends and receives 

» 
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BubstanUally all address, data and control information over said 
bus. 

99. The semiconductor device of claim 98 wherein said 
5 memory device has at least one discrete memory section and also 
has at least one modifiable address register adapted to store 
memory address information which corresponds to each said 
discrete memory section. 

10 100. The semiconductor device of claim 99 wherein said 

I memory address information comprises a pointer to said discrete 
section . 

101. The semiconductor device of claim 100 wherein said. 
15 h discrete memory section has a top and a bottom and said memory 

i:J address information comprises pointers to said top and said 
bottom. 

102. The semiconductor device of claim 100 wherein said 
20 memory address information comprises 

a pointer to said discrete memory section and 
a range value indicating the size of said discrete 
ses&ory section. 
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103. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus %Aerein said bus includes 
a plurality of bus lines for carrying substantiially all address, 
data and control information needed by said semiconductor device 
for communication with substantially every other semiconductor 
device connected to said bus, and has substantially fewer bus 
lines than the number of bits in a single address, said 
semiconductor device conqprising 

connection means adapted to connect said semiconductor 

device to said bus, and 

at least one modifiable access-time register accessible 
to said bus through said connection means, whereby data may 
be transmitted to said register via said bus %Aich 
establishes a predetermined amount of time that said 
semiconductor device thereafter must wait before using said 
bus in response to a request. 

104. The semiconductor device of claim 103 \dierein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 
bus. 
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105. The aemiconductor device of claim 103 further 
comprising at least two access-time registers and one of .aid 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said access-time registers can be 
modified by information carried on said bus. 

106. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 

, a plurality of bus lines for carrying substantially all address, 
? data, control and device-select information needed by said 
i semiconductor device for communication with substantially every 
! other semiconductor device connected to said bus, and has 
i substantially fewer bus lines than the number of bits in a single 
I address, and carries device-select information for said 
: semiconductor device without the need for a separate device- 
j select line connected directly to said individual semiconductor 
^ device, and wherein each said bus line is a terminated 
transmission line, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said bus, and 

a bus line driver capable of producing a low-voltage- 
swing signal on one of said terminated transmission lines. 
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107. The lemiconductor device of claim 106 wherein said 
semiconductor device is a memory device %»hich connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 

5 bus. 

108. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 

10 13 a plurality of bus lines for carrying substantially all address, 
:i data, control and device-select information needed by said 
i semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
15 !3 address, and carries device-select information for said 

fy semiconductor device without the need for a separate device- 
3 select line connected directly to said individual semiconductor 
device, said bus further including at least one bus clock line 
for carrying early and late bus clock signals, said semiconductor 

20 device comprising 

connection mekns adapted to connect said semiconductor 

device to said bus, and 

an internal device clock generating means which 
generates an internal device clock synchronised to a time 
25 halfway between said early and said late bus clock signals. 
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109. Th. .emleonductor device of data 108 therein .aid bus 
further include, a fir.t and a .econd on. of «id bu- clock 
line., .aid f ir.t bu. clock line carrie. .aid early b». clock 
.ignal and .aid .econd bu. clock line carrie. ..id late bu. clock 
.ignal. .aid .emiconductor device further compri.in, a »ean. to 
detect .aid early bu. clock .1^1 on .aid f ir.t bu. clock line 
and a «ean. to detect ..id late bus clock .ignal on .aid .econd 
bus clock line. 

110. The .emiconductor device of claim 109 v*erein said 
semiconductor device is a memory device «hich connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 

HI. * semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
aevices connected in parallel to a bus wherein said bu. includes 
a plurality of bus lines for carrying as a seguential series of 
bits substantially all address, data, control and device-select 
information needed by said semiconductor device for co^mication 
vith substantially every other semiconductor device connected to 
.aid bus, and ha. .ubstantially fewer bu. line, than the number 
of bits in a single address, and carries device-select 
information for .aid .emiconductor device without the need for a 
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.eparate device-elect line connected directly to .aid individual 
seniconductor device, said semiconductor device compri.ing. 

connection means adapted to connect said semiconductor 

device to said bus, 

a plurality of input receivers connected to one of said 

bus data lines and 

a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits. 

112. The semiconductor device of claim 111 wherein said 
j semiconductor device is a memory device %^ich connects 

i substantially only to said bus and sends and receives 

i substantially all address, data and control information over said 

^ bus • 

113. •n.e semiconductor device of claim 112 wherein two input 
' receivers are connected to one of said bus lines. 

114. A semiconductor device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said bus system includes a plurality of bus lines for carrying 
substantially all address, data, control and device-select 
information needed by said semiconductor device for communication 
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,1th «b.t»ti.lly .very other .«^cehductor device connected to 
.aid ,s,t^ bu.. hee .uh.t»tiaUy fewer bu. line. ««n the 
„»ber of bit. in e .injle eddres., and carrie. device-eXect 
information for .aid .emiconduotor device without the need for a 
.eparate device-.elect line connected directly to .aid individual 
.eniconductor device, .aid .emiconductor device co»pri.in, 

connection means Adapted to connect .aid .emiconduotor 

device to said system bus, 

an internal input/output bu. within said semiconductor 
device havina more lines than said system bus, and 

. means for multiplexing the lines of .aid internal bu. 
to the line, of .aid system bus, whereby said system bus can 
run at a higher speed than said internal bus. 

115. The semiconductor device of claim 114 wherein said 
i semiconductor device i. a memory device which connect. 

! substantially only to said .y.tem bu. «>d .ends and receive. 

' .ub.tantially all addre.s, data and control information over .aid 

system bus. 

116. X .emieonductor device capable of u.e in an 
architecture for a .emieonductor system bu. including a plurality 
cf semiconductor device, connected in parallel to a bu. wherein 
..id system bu. includes a plurality of bu. lines for carrying 
substantially all address, data, control and device-select 
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i„fer«.tio„ needed by ..Id .emiconduetor device for co-«ni=.tion 
^th .»l,.t«nti.Uy every other .e^oonductor device connected to 
.aid .yete. bus, and h.. .»b.ta«tlally fewer b». line. tJ«n the 
„„^r Of bits in . .ingle .ddre.., «d c«rle. device-.el.ot 
lnfor,»ti=n for ..id .e»iconductor device without the need for . 
separate device-eelect line connected directly to .aid individual 
semiconductor device, .aid .eniconductor device cc«pri.lng 

connection mean, adapted to connect said .emiconductor 

device to said system bus, 

an internal Input/output bu. within .aid .e«lconductor 

3 device having more lines than said syrtem bu., 

5 a means for multiplexing the line, of said internal bus 

to the line, of said system bus, wher*by said system bus c«. 

run at a higher speed than said Internal bus, and 

at least one modifiable identification register 

accessible to said system bus through .aid connection means, 

whereby data may be transmitted to .aid regl.ter via .aid 
■ system bus and which enables said device thereafter to be 

uniquely identified. 



1X7. The semiconductor device of claim 116 wherein said 
semiconductor device is a memory device which connects^ 
substantially only to said .y.tem bu. and .end. and receive, 
substantially all addre.., data and control Information over said 
25 system bus. 
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of .anlconductor deviceB c«merted in parallel t 
1 ...» include. . Pl«.m. 0. .u. line. .0. 0^^, 
....an.all, all addre... da.a, con«ol "----^ 
information needed by .aid .e»ieondu=tor device 
informa .^conductor device connected to 

«ith s^stantially every o ^ 
..id Evsten bus, and ha. .ub.tantially fewer B 
Ir o. bit. in a .in,le addre... and carrie. device -eU 

= , .ion for .aid .e^lconducter device without the need for 
,3 inforBatlon for .aid . directly to .aid individual 

.eparate device-select line connected directly 

^ said semiconductor device coBprl.lng 

semiconductor device, .aid .emi .emiconductor 
connection mean, adapted to connect said 

ce to said By.tem bus, 
:^ device to sa J „,»hi. .-id semiconductor 

an internal input/output bus within said 
S device having more line, than .aid system bus, 

. means for multiplexing the lines of said inter^l ^ 

-a 4.v«« Bftid internal bus, and 
run at a higher speed than said m ^^dress 
least one modifiable regi.ter to hold device ad^s. 
..formation, .aid modifiable regi.ter acce..ible to s^i* 
...tern bu. through .aid connection means, whereby da«^may 
^ transmitted to said register via said .ystem bus 
enable, said device thereafter to respond to a predetermined 
25 range of addresses. 
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119. the ..miconductor d«ic of cUU. U8 »het.i« »1<1 

.»ie<»dnctor devio. U . """"^ 
.^t«^Uy only to ..id .yte. bu. ^ .end. «d «e.l«. 
.ub.t»tl.Uy all .ddre... data «.d control information over .aid 



5 ByBtea hae. 



25 



120. The .emiconductor device of data 119 vhereln .aid 
„e»orj device ha. at lea.t one di.cret. »e»ory .ection and al.o 
ha. at lea.t one »odi£i.l.le addres. regi.ter adapted to store 
„e»ory addre.. information vhich correapond. to each .aid 
discrete memory section. 

121. A .endconductor device capable of u.e in «n 
erchitecture for a .e»iconductor .yste» bu. including a plurality 
of .e:.iconductor devices connected in parallel to a bus therein 
said syste. bus includes a plurality of bu. line, for carrying 
.ubstantially all addre.., data and control information needed by 
«ld .e^conductor device for co«anicatio« with .ubstantially 
every other .endconductor device connected to .aid .y.te» bus 
„d has substantially fewer bus lines than the nu:.ber of bits in 
a Single address, .aid .emiconductor device co»pri.ing 

connection »eans adapted to co«>e=t .aid .emlconductor 

device to said system bus, 

„ internal Input/output bu. within ..id .e«iconductor 

device having nore line, than .aid system bos. 
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. for «ultipl«cin, th. lin.B of .aid intern.1 bu. 

to the lin.. of .aid .y.t«. bu.. "hereby .aid .yt- bu* <»« 
roa at a hi9h«: .peed than .aid internal b«.. and 

»t least one modifiable access-time register accessible 
to said system bus through said connection means, vhereby 
d.t. may be transmitted to .aid register via said .ystem bus 
«hich establishes a predetermined amount of time that .aid 
.emiconductor device thereafter must wait before using said 
system bus in response to a request. 

122. The semiconductor device of claim 121 wherein said 
.emiconductor device is a memory device vhich connects 
substantially only to said system bus «>d sends «.d receives 
substantially all address, data and control information over said 

cyBtem bus. 

123. The semiconductor device of claim 121 further 
comprising at least tv» access-time register, and one of said 
.ccess-time registers is permanently programmed to contain a 
fixed value and at least one of said access-time registers c«. be 
modified by Information carried on said system bus. 

124. A semiconductor device capable of use in a .emi- 
conductor bus architecture including a plurality of .emiconductcr 
devices connected in parallel to a bus wherein ..id bu. include. 
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a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
5 substantially fewer bus lines than the niimber of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, %Aerein said address, data, control and device-select 
10 : 1 information is carried over said bus in the form of request 
= packets and bus transactions, said semiconductor device 
cos^rising 

connection means adapted to connect said semiconductor 
device to said bus, 
15 u a mezms to receive said request packets over said bus, 

ili a means to decode information in said request packets, 

Q and - 

a means to respond to said information in said request 
packets . 

20 

125. The semiconductor device of claim 124 wherein said 
means to decode information in said request packet further 
comprises 

a means to identify and decode said control information 
25 in said request packet. 
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a means to identify and decode said device-select 
information in said request packet, .r. • 

a means to identify and decode said address information 

in said request packet and 

a means to determine whether said control information 
or said address information instructs said semiconductor 
device to begin a response. 

126. The semiconductor device of claim 124 vherein each of 
said bus transactions is carried out in response to said address 
and said control information in one of said request packets ,_.and 
wherein said means to identify and decode information in said 
request packets includes a means to identify a sequence of bytes 
on said bus as one of said request packets containing said- 
address and said control information, said control information 
including information about the type of said bus transaction 
being requested and the access time which needs to intervene 
before beginning said bus transaction over said bus and said 
address and said control information includes device-select 
information instructing one or more said semiconductor devices to 
respond to said address and said control information. 

127. The semiconductor device of claim 124 further 
comprising 
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a plurality of .ense amplifiers adapted to precharge to 
a selected state or to latch a bit of information, 

a means to hold said sense amplifiers in an unmodified 
state after latching one of said bits of information, 

a means to precharge said sense amplifiers and 

a means for selecting whether said semiconductor device 
should precharge said sense amplifiers or should hold said 
sense amplifiers in an unmodified state. 

128. The semiconductor device of claim 124 wherein said 
means to respond to said information, where said information is 
control information, further comprises a means to 

transfer a data block during a data block transfer, 

f\irther including a means to 

read data from said semiconductor device and 
vrite data into said semiconductor device, and 
initiate a data block transfer, 
transfer a data block of a selected size, 
transfer a data block at a selected time, 
access a control register, including a means to read 
from or write to said control register, or 
select normal or page-mode access. 

129 . The semiconductor device of claim 124 further 
comprising a means to respond to said information in said request 
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packet if said information includes a device identification 
nwaber unique to said semiconductor device. 



130. The semiconductor device of claim 124 further 
5 comprising a means to respond to said information in said request 
packet if said information includes a special device 
identification number which calls for said semiconductor device 
to respond. 

10 3 131. The semiconductor device of Claim 124 further 

i comprising a means to respond to said information in said request 
iu packet if said information includes an address unique to said 
:y semiconductor device. 

islil 132. The semiconductor device of claim 124 further 

comprising a means to interpret said control information and 
% decode the time to wait before beginning said bus transaction 
over said bus. 



20 



133. The semiconductor device of claim 124 further 
comprising a means to interpret said control information and 
decode the size of a data block to transfer during one of said 
bus transactions. 
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134. The .anlconductor d.vic. of claim 124, 125. X26. 127, 
128. 129. 130. 131, 132 or 133 -herein .aid .eniconductor device 
i. . «»ory device «hlch connect. .ub.tanti.Uy only to .aid bo. 
„d .end. and receive, .ub.tantially all addr..., data «id 
control infoimation over .aid bu.. 

135. A .emiconductor device capable of u.e in a .emi- 
conductor bu. architecture including a plurality of .emiconductor 
device, connected in parallel to a bu. -herein ..id bu. include. 
3 a pluraUty of bu. line, for carrying .ubstantially all addre... 
: data, control and device-select information needed by .aid 
5 .e»iconductor device for co^nunlcation vlth .ubstantially every 
5 other semiconductor device connected to said bus, and has 
' substantially fewer bu. lines than the number of bits in a single 
: addre.., and carrie. device-.elect information for .aid 
" semiconductor device without the need for a .eparate device- 
i .elect line connected directly to .aid individual .emiconductor 
■ device, wherein .aid addre.., data, control and device-.elect 
information 1. carried over said bu. in the form of revest 
packet, and bu. tranaaction., .aid .emiconductor device 
comprising 

connection means adapted to connect said semiconductor 

device to said bus^ 

e means to encode address and control information in 

said request packets and 
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a means to send, said request packets over .aid bus. 

* 

136. The Boniconductor device of clala 13S further 
ee»prl.l», a to request a bu. tranaaetion -herein each of 

.aid bus transactions is carried out in response to said address 
and said control information in one of said r^juest packets. «.d 
wherein said »eans to encode infonnation in said request packets 
includes a means to mark a sequence of bytes on said bus as one 
of said request packets, said control information including 
S information about the type of said bus transaction being 
5 requested and the access time ^ch needs to intervene before 
J beginning said bus transaction over said bus and said address and 
] said control information includes device-select information 
' instructing one or more said semiconductor devices to respond to 
; said address and said control information. 

137. The semiconductor device of claim 135 .Aerein one or 
' more of said plurality of senicondufetor devices has a unique 
device identification number, said semiconductor device further 
comprising a mean, to send control information to a specific one 
of said plurality of .emiconductor devices by including in .aid 
request packet a selected said device identification number. 

138. The semiconductor device of claim 135 »*erein each of 
' said plurality of semiconductor devices is adapted to respond to 
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a .pecial device identification nuaber, .aid .emiconductor device 
further comprising a aeans to .end control information to each of 
.aid plurality of semiconductor devices by including in .aid 
request packet .aid special device identification number. 

5 

139. The semiconductor device of claim 135 vherein one or 
more of said plurality of semiconductor devices is a memory 
device having a plurality of addresses, said semiconductor device 
further comprising a means to send control information to a 
10 ^ specific address or range of addresses In one of said plurality 
of semiconductor devices by including said specif ic address or 
range of addresses in said request packet. 

140. The semiconductor device of claim 135 herein at least 
15 i;3 one of said request packets i. a request packet requesting a bus 
til transaction vhich is followed by a corresponding one of said bus 
a transactions, said semiconductor device further comprising a 
means to encode said control information to specify directly or 
indirectly the time between the end of said request packet 
20 requesting a bus transaction and said corresponding bus 
transaction over said bus. 

141. The semiconductor device of claim 140 wherein one type 
of said bus transactions is a transfer of a data block, .aid 
semiconductor device further comprising a means to encode said 



25 
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control information to .pedfy the .ire of .aid 

transfer. ... . I 

142. The .eniconductor device of claia 140 further 
compriBing . me«.e to keep trade of current and pending bu. 
transaction., vhereby coUi.ion. on .aid bu. are avoided because 
.aid .emiconductor device avoid, initiating bu. transaction, 
^ich would conflict with current or pending bu. transaction.. 

143. The semiconductor device of claim 135 wherein said 

; .emiconductor device 1. a flr.t ma.ter device and one of .ald- 
i plurality of .emiconductor device, i. a .econd master device, 

i further comprising _ 

a collision detecting means vhereby said first ina^er 
device when sending a first one of said request packets can 
detect said second master device sending a colliding one of 
said request packets, ^ere said colliding request packet 
Bay be sent simultaneous with the initial sending of or 
overlapping the sending of said first request packet, and 

an arbitration means whereby said first and said second 
master devices select a priority order in which each of said 
master devices will be allowed to access said bus 
sequentially. ...... . 
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144. The eemiconductor device of claim 143 %«herein said 
•emiconductor device is a master device and at least one of said 
plurality of semiconductor devices is a master device, ©ach of 
said master devices has a master ID number and each of said 
5 request packets includes a master ID position vhich is a 

predetermined number of bits in a predetermined position in said 
request packet, and wherein said collision detection means 
comprises 

a means for said semiconductor device to send its 
10 i master ID number in said request packet and 

a means to detect a collision and invoke said 
iS arbitration means if said semiconductor device detects any 

other master ID number in said master ID position. 

15 i:S 145. The semiconductor device of claim 144 herein said 

[; system bus architecture includes a means for carrying information 
i on said bus during bus cycles, said semiconductor device further 
comprising 

a means for driving a selected bus line or lines during 
20 at least one selected bus cycle while sending each said 

request packet, 

a means for monitoring said selected bus line or lines 
to see if another said master device is sending one of said 
colliding request packets and 



High Performance Bus Interface -121- 




a means for informing all said master devices that a 
collision has occurred and for invoking said arbitration 



5 146. The semiconductor device of claim 145 further 

comprising 

a means, when sending a request packet, for driving a 
selected bus line or lines with a certain current during at 
least one selected bus cycle, 
10 i a means for monitoring said selected bus line or lines 

for a greater than normal current to see if another said 
master device is driving that line or lines, 

a means for detecting said greater than normal current, 

and 

15 I a means for informing all said master devices that a 

^ collision has occurred and for invoking said arbitration 

:=S means. 

147. The semiconductor device of claim 143 wherein said 

20 arbitration means conqprises 

a means for initiating an arbitration cycle, 
a means for allocating a single bus line to each said 
master device during at least one selected bus cycle 
relative to the start of said arbitration cycle, 
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a «w. tor .lloeatin, ..ch ..id «as«r device to . 
b«. line d«i«, one of .aid .elected J». cycle, if 
there «e »ore «.ter device. tl»n .veil->le bu. m... 

. for e.ch of ..id »a.ter device. «hich .ent one 

of ..id collidin, re,ue.t peclcet. to drive ..id bu. line 
.nocted to ..id .»ster device during ..id .elected b». 
cycle, and 

. .e.n. in .t least one of ..id «.Bter devices for 
storin, infor-^tion .bont «Wch »..ter devices sent one of 
.aid colliding request packet., 

,*ereby ..id ».ster device. c«. -onitcr .elected bu. 
Xl.es during s.id «bitr.tion cycle and identify each .aid 
^ster device which .ent one of ..id colliding request 
packets . 

148. The .emlconductor device of cl.iB 143 herein s.id 

arbitration means comprises 

a »eans for identifying each of .aid »a.ter devices 
,*ich sent one of .aid colliding request packets, 

a »eans for assigning . priority to e.ch ..id »..ter 
aevice vhich .ent one of ..id colliding request pecket., «d 
a „e«» for .Uowing e.ch ..id ».ster device which sent 
o« of ..id colliding request packet, to access the bu. 
sequentially .ccording to th.t priority. 
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149. The .Milconduetor deTle. of claH. 1« -herein .aid 
priority i. based on the physical location of each of .aid .aster 
devices. 

150. The eemiconductor device of claiiu 143 wherein eaid 
priority is based on said master ID number of said master 
devices . 



High Performance Bus Interface -124- 



it 



20 



tt. present invention includes . -e«ory .ubsyst-. comprising 
.t X—t two semieonductor devices, including at least one .emory 
device, connected to . bus. vher. the bus include, a plurality of 
bus line, for carrying substantially all address, data ««1 
control inforination needed by said memory device., -here the 
control information include, device-.elect information and the 
bus has substantially fewer bus lines th«> the number of bits in 
a single address, and the bus carries device-select information 
Without the need for separate device-select lines connected 
directly to individual devices. 

Ibe present invention also includes a protocol for master 
and Slave devices to communicate on the bus and for registers in 
each device to differentiate each device and allow bus re^r^ests 
to be directed to a single or to all devices. The present 
invention includes modifications to prior-art device, to allow 
th«a to ir^lement the new features of this invention. In a 
preferred implementation. 8 bus data lines and an Addressvalid 
bus line carry address, data and control information for memory 
addresses up to 40 bits wide. 
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naate is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention enti- 
tled INTEGRATED CIRCUIT I/O USING A HIGH PERFORMANCE BUS 
INTERFACE the specification of irfiich 
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Application Serial Ho. 

and was amended on _ 

(if applicable) 

I hereby state that I have reviewed and understand the cont^ts 
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States of America before ay invention thereof, or patented or 
described in any printed publication in any counti^ before my 
i44nvention thereof or acre than one year prior to this applica- 
;;=tion, that the same was not in public use or on sale in the 
United States of America more than one year prior to this appli- 
cation, and that the invention has not Iseen patented or made I 
subject of an inventor's certificate issued before the d^'*'''^^?lAa 
this application in any country foreign to the UnitedLesentative 
America on an application filed by me or ay legal^pplication* 
or assions more than twelve months prior to _ 

Vhich is mnterini 

I acknowledge the duty to disclose ^r*'*'?5*«Mordance with Title 
to the examination of this appl'xcation^in - ^ 

37, Code of Federal Regulations, Section i.^'V J 

I hereby claim the benefit un4er 

section 120 of any United Sta tes aP^i^S ih« c^*^ 

insofar as the subject matter; of United States appl» ,5 

application is not disclosed in the PjJ?' Saragraph of Ji^J?-! ' 

cStion in the manner provide^! by t^^^ii^SeSe the^uty to 4i» 

United States Code, Sectior^ 112, I *5*?^iTiio 37, Code of 

close material inf ormatior x as defined xa *iv 



PRLNTOf DRAWLNGi 
* Ajj QRICLNAL LY FIUJ ) ^ 



Fttdi^al Regulations, Section 1.56(a) idilch occnsrred between the 
fUlnk^date of the prior application and the national or PCT 
international filing date of this applications 



(Application Serial Ho.) (filing Date) (Status-patented 

pending/ abandoned) 



(Application Serial No.) (Filing Date) (Status-patented 

pending, abandoned) 

I hereby appoint Roger S. Borovoy, Reg. No. 20,193, and David J. 
Larwood, Reg. No. 33,191, 600 Hansen Way, Suite 100, Palo Alto, 
California 94306, telephone (415) 856-9411, my attorneys with 
full power of substitution and revocation, to prosecute this 
application and to transact all business In the Patent and 
Trademark Office coimected herewith. Please address all corres- 
pondence to Hr. Larwood. 

X hereby declare that all statements made herein of my own know- 
ledge are true and that all statements made on Information and 
belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the imited States Code and that 
such willful false statements may jeopardise the validity of the 
application or any patent Issued thereon. 

Full Name of Sole/First Inventors t Michael Farmwald 



Retdence 82 Eucalyptus Rd.. Citizenshi p U.S.A. 



Berkelev. California 94705 (Country) 
(City, State) 

liiv*itor*s Signature uv\ eL^Xv.^^..^ Date.fisilllV^'Sfe 
"^l^ame of Joint/Second Inventor t Mark Horowits 



jJOi'^^^nce 2024 Columbia Street Clfclgenship U.S.A. 



Palo Alto. California 94306 (Country) 
Inventor's Signature 



California 94306 ^ tcounT:ry) 

^iv^-^ pat. Ap,1 17, »»0 



IN THE UNITED STATES PATENT AND TR2UDEMARK OFFICE 
(Case No. P043D2C3C) 



In the Application of: ) 




FARMWALD ET AL, ) 


Group 
Art Unit: 


Serial No; Continuation of 09/252,997 ) 


Before 


Filed: JANUARY 27, 2000 ) 


Examiner: 


Title: INTEGRATED CIRCUIT I/O USING A ) 
HIGH PERFORMANCE BUS INTERFACE ) 





Assistant Commissioner for Patents 
Washington, DC 20231 



POWER OF ATTORNEY BY ASSIGNEE, 
REVOCATION OF ALL PRIOR POWERS OF ATTORNEY 

AND 

CERTIFICATE UNDER 37 CFR 3.73(b) 

Sir: 

The undersigned, being empowered to sign this Power of 
Attorney, Revocation of All Previous Powers of Attorney and 
Certificate under 37 CFR 3.73(b) on behalf of Rambus, Inc., the 
assignee of the entire right, title and interest in the above- 
referenced application, hereby revokes all prior powers of attorney 
and hereby appoints Neil A. Steinberg. Rea. N o. 34.735, with full 
power of substitution and revocation to prosecute this application 
and to transact all business before the United States Patent and 
Trademark Office in the above-referenced application. 

Rambus, Inc., formerly a California corporation with a place 
of business at 4920A El Camino Real, Los Altos, California 94022, 
certifies that it is the assignee of the entire right, title and 
interest in the above-referenced patent application by virtue of an 
assignment from the inventors, Michael Farmwald and Mark Horowitz. 
The assignment of the parent patent application (Application Serial 
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No. 07/510,898) and all continuing and divisional application 
thereof to Rambus Inc. was filed on April 18, 1990 and recorded in 
the U.S. Patent and Trademark Office at Reel 5385, Frame 875 . 

The undersigned has reviewed all the documents in the chain of 
title of the above-referenced application and, to the best of the 
undersigned's knowledge and belief, title is in Rambus, Inc., the 
assignee identified above. 

Please direct all correspondence in the above-referenced 

patent application to: 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so 
make are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application, 
any patent issuing thereon. 



Neil A. Steinberg, Esq. 
Rambus Inc. 



2465 Latham Street 

Mountain View, California 94040 



Telephone: 650-944-7772 
Facsimile: 650-944-8080 





Neil A. Steilnberg, Esq^ 
Vice President 



Intellectual Property 
Rambus Inc . 
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